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INTRODUCTION 
This paper dea ls  with the.as ses sment of y i e ld loss due to 
wheat s cab . The fo l lowing paragraphs discus s the t op i c  o f  why loss 
est imates are needed , why they are difficu lt t o  obt a in , and how the 
res earch provides informat ion toward thes e ends . 
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Reas onab ly accurat e loss es t imat es are needed for two 
purposes : one o f  the most import ant may b e  t o  gu ide further res earch on 
the prob l em . In addit ion , methods o f  loss as s es sment are needed t o  
eva luate t h e  degree of contro l provided b y  fungicides , cu ltura l 
pract ices , or res is tant cu lt ivars . 
Los s  es t imates are d i fficu l t  to obt a in for two reasons . 
First , the t ime period during which the sympt oms are vis ib l e  is very 
short ; the obs erver has perhaps ten days to survey t he res earch 
exper iment , p roduct ion f ie l d , county , s t at e  or region . This t ime frame 
a l s o  coinc ides with the t ime that other res earch and ext ens ion 
act ivit ies are creat ing maximum demands on the wheat worker's t ime . 
There fore , the need ex ists for survey methods that are s imp l e , fas t , and 
reasonab ly accurat e . 
A s econd obs tac le to est imat ing s cab los s e s  is the uncerta in 
re lat ions hip between disease s everity , maturity l eve l o f  the crop , 
cu lt ivar res i s t ance , and yie ld los s . The s e  int erre l at ionships are the 
subj ect o f  the research pre s ented here . Spec i f i ca l ly ,  the obj ect ives o f  
the res earch were : 
1. To deve lop s imp le regress ion mode l s  for the relat ionsh ip between 
yie ld los s o f  spr ing wheat (y)  and s cab intens ity ( x) at various 
t imes after anthes is . 
2. To determine if the regress ion coefficients obtained are s imi lar 
for a l l  cu lt ivars . 
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3 .  To determ ine if  these relat ionships are independent of the rate of 
dis eas e  progres s . 
REVIEW OF LITERATURE 
H ISTORY 
Scab was first des cribed as a dis eas e o f  sma l l  grain in 
England by Smith in 1884. Others soon fo l lowed both in Europe 
( Kirchne r  190 6 )  and in the United States (Arthur 1891, Bes s ey 1898, 
Buckhout 1 8 9 3 , Ches ter 1890, Detmers 1892, P ammel 1892, Weed 1890). In 
the USA , s cab had been reported by workers in New York , Ohio , Delaware , 
Indiana , Iowa , and Nebraska before the turn o f  the century . 
HOST RANGE 
Fus arium graminearum , ( S chw.) Petch . {Syn. F .  ros eum Lk . 
emend . Snyd. and Hans . var . graminearum} the conid i a l  s tage of 
G ibbere l l a zeae ( S chw . ) Petch. ,  was the pathogen of p r imary concern in 
this s tudy. It has been found to natura l ly infect the fo l lowing 
graminaceous s pp . : Hordeum vulgare (bar l ey ) , Zea mays ( corn ) , Tr iticum 
d icocum (emmer ) ,  Avena s ativa (oats ) , Secale cerea l e  (rye ) , Tr it icum 
· spe l ta ( sp e ltz )  Tr iticos ecal e  s pp . ( tritica l e ) , and Triticum aestivum 
(wheat ) .  I n  addition , to the above domes t ic species , Agropyron repens 
( quackgras s ) , Echinochloa crusga l l i  (barnyard gras s ) and Agropyron 
smithii (west ern wheatgras s ) , have a lso been found to be hos ts , a l ong 
with s ome of the w i l d  rye gras s es (Lo l ium spp . ) ( Lewis 19 13 , Martin and 
Johns ton 1 9 8 2 ,  Se lby and Manns 19 09 ) .  Fus ar ium culmorum (Sm ith )  S acc . 
{Syn . F .  ros eum Lk . emend . Snyd .  and Hans . f .  s p . cereal is (Cke . ) 
Snyd . and Hans . var . cu lmorum} is a c los e ly re l at ed species which i s  
more important as a s cab incitant i n  Europe . This species was found t o  
attack the above host s , p lus such divers e f lora as Gos sypium spp . 
( cotton ) , Cucumis s at ivus (cucumber ) , Lupinus spp . (lupine ) ,  I pomoea 
batatas ( sweet potato ) , Cucurbita spp . ( s quas h) , and others ( c it ed in 
Macinnes and Foge lman 1 9 23 ) .  
·Fus ar ium avenaceum (Corda ex. Fr . )  S acc . {Syn . F .  ros eum Lk . 
emend . Snyd . and Hans . f .  sp . cerea l is (Cke . ) Snyd . and Hans .  var . 
avenaceum} and E· nivale (Fr . )  Ces . te l eomorph C a lonectr ia niva l is a l so 
have some s igni f ic ance as scab inc itant s . 
To illus t rat e how var ious spec ies vary in their importance by 
area , contras t eas t ern Europe and China . The predominant s cab pathogen 
3 
in China is Fus arium graminearum which was iso l ated 9 3 .9 %  of the t ime in 
one extens ive survey (Chen , et a l . 1982) . However ,  in Czechos lovakia , 
for examp l e , F .  cu lmorum was the mos t  frequent ( 28 . 5 7 % ) , fo l lowed by F .  - -
graminearum ( 18 .5 8 %) , and E· avenaceum ( 1 8.5 7 % )  (S robarova and S robar 
1982). In summary , the two common scab- incit ing spec ies named above 
have a broad hos t  range which becomes even b roader if the results of 
arti f icial inocul at ion experiments are taken into account ( Macinnes and 
Foge lman 1923). B ecaus e thes e fus aria are facultat ive paras ites , they 
also exist very we l l  in nature as s aprophytes , with suitab l e  subst rates 
being eas i ly obtained ( At anas off 1920, 1923). 
DISEASE CYCLE 
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The foremost inoculum source is host deb r is , p art icu l ar ly that 
which res ists  environmenta l  degradat ion due to s ize and/or l ignif icat ion 
(Warren and Kommedahl 1973, Winde ls and Kommedahl 1974). B ecause corn 
( Zea mays ) fits these criteria espec ia l ly we l l ,  l arge amounts of 
inoculum can be produced on this substrat e . Numerous obs ervat ions have 
pointed · aut the as sociat ion between wheat s cab and a previous corn crop 
(Atanas o f f  1920, Koeh l er , et a l . 1924, Se lby 1898, Sutton 1982). 
Primary Infection 
As �ospor es p lay an important ro le in primary infect ion . 
S ince they are formed in per ithecia , and thereby p rot ected from the 
e l ement s , as cospores are probab ly the best overwintering form . 
Perithecia are formed on infected p l ant parts to a greater or 
lesser degree where conidia have been produced in sporodochia ear l ier 
(Atanasoff 1923). The environmenta l  requirements for the form at ion of 
mature per ithecia on natural substrates are : 
1 .  A mean dai ly t emperature of not less than 2 1 - 2 2  C .  
2. Occas ional mo isture s aturat ion such that perithecia are not 
subj ect to des s icat ion during the period of spore deve lopment and 
ripen ing (Bennett 1931).· 
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Light is �lso another important factor in the production of 
per ithecia . Ts chanz et al . (1976) found that low - intens ity ultra-violet 
l ight of 300-320 nm was mos t  effect ive . 
Per ithecial product ion is regulated by zearal enone , a 
mycotoxin which produces an estrogenic effect in animal s  (Wo l f ,  et al . 
1972, Wo l f  and Mirocha 1973, 1977). The degree o f  pathogenicity of 
various iso lates of the pathogen has also been found to vary d irect ly 
with the product ion of zeara lenone ( Sutton , 1982). 
Macroconidia are produced under s im i l ar t emperature regimens . 
Anderson (1948) obtained highest yie lds of macrocon idia with a s ingle 
iso lat e  at 32 C .  However , opt imum temperature depends on the iso late ; 
Haws ( 1961) reported maxim� sporulat ion of most iso lat es at 24-26 C .  
On9e again , mo is t condit ions are es s ent i a l  for spore. produc­
t ion . Conidiat ion was found to be maximal at - 1.4 to - 3.0 bars , and 
abs ent at -40 to -50 bars . Tes ts were conducted on agar media adjusted 
to different osmot i c  potent ials with KC l or NaC l ( Sutton 1982). 
Inoculum Dispersal 
As cospores were dispersed main ly at night and ear ly morning , 
from 2100 hours to 600 or 800 hours (Ayers , et a l . 1975, Ye 1980). Wind 
is the pr imary means of dispers al (Atanasoff 1920). As cospores were 
dispersed in maize and wheat fie lds when r e l at ive humidit ies were 
95 - 100% and t emperatures were 1 3 - 22 C (Ayers , et a l .  19 7 5 ) . The need 
for ·cool to moderate t emperatures for as cospore dispers a l  was confirmed 
by Tschanz , et al.  ( 19 7 5 , 19 7 6 )  ( ca .  1 1 - 2 3  C ,  opt imum 1 6  C ) .  They 
indicated , however , that dis charge of as cospores was regu l at ed by 
perithecial dehydrat ion when atmospheric mo isture is l e s s  than 100% 
( 19 75 ) . This is not cons istent with the findings of Ye ( 1980 ) o r  of 
Chung , et  al . ( 19 8 2 ) , who found that ascospore dispersal is favored by 
rainy weather , unless the as sumpt ion is made that even ' rainy weather ' 
contains drying periods . 
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In the cas e o f  macroconidia , however ,  splashing or wind dr iven 
rain is regarded as the most important mechanism o f  dispers al .  This is 
in agreement with the s t icky , hydrophi lic nature of conidia. However ,  
direct evidence has not been pres ented in this cas e ( Sutton 1 9 82 ) . 
Infection and Colonization 
Wheat heads are not sus cept ible to infect ion prior to anthes is 
but many obs ervers have noted that heads are mos t  sus cept ib le to 
infect ion after flowering ( Adams 19 2 1 , Anderson 1 9 48 , Arthur 1 89 1 ,  
Atanasoff 1 9 20 , Dickson et al. 1922 , McKay and Loughnane 1945 , Pugh , et 
al . 1933 , Takegami 1 95 7 , Tu 195 3 ) . In addit ion , s ome have ident ified 
anthers as a p rimary infection court ( Pugh , et a1 . 1 9 3 3 , Tu 1 9 5 3 ) . Only 
S chroeder ( 1955 ) , Schroeder and Chris tens en ( 19 63 ) , and Tu ( 19 3 0 ) s eem 
to be at variance with this : they obtained infect ion when inoculum was 
applied direct ly to the sur face of the glume . 
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Evidence that anthers are the primary infect ion court i s  found 
in the fo l l owing papers . 
I n  his studies o f  f lower ing habits in r e l at ion t o  infect ion Tu 
( 195 3) found a fair ly high corre lat ion petween the percentage o f  c aught 
or retained anthers in a given cu l t ivar and the percent age o f  s c ab 
in fect ion . In a greenhous e studies conducted by Liang , et a l . (1981), 
the highest infect ion was obt ained by inoculat ing anthe rs s t i l l  within 
the glume . I n  other studies in which inoculat ions were carr ied out on 
emas cu lated and norma l heads , infect ion was much higher on the l atter 
(McKay and Loughnane 1945, St range and Smith 1971). I n  addit ion ,  more 
infect ion o ccurred when drop lets of a conidia l suspens ion were p l aced 
direct ly on the anthers as opposed·to p l acement d irect ly on the g lumes 
s even days after anthes is ( S t range and Smith 197 1). 
I n  other s tudies , abundant myce l ial  growth occurred on 
undeh is ced anthers fo l lowing ino�u lat ion (Anderson 1948, Pugh , et a l . 
1933). The pres ens e o f  cho line and bet aine in anthers probab ly exp lains 
this (Pearce� et a l . 1976). Thes e two quaternary ammonium compounds are 
powerful growth st imu l ant s to myc e l ial  growth o f  Fus ar ium gram inearum . 
Although ne ither cho l ine or bet aine stimu late germinat ion of conidi a ,  
inocu l at ions made with a conid ial suspension containing e ither compound 
·increased the leve l o f  infect ion ( St range , et a l . 1972, St range , et a l . 
1974). 
Although there is s ome evidence of d irect hypha! invasion 
through the g lume , the above res earch shows that there is both direct 
support and a b iochemic a l  basis for the role o f  anthers as the primary 
inf ect ion court . 
None of the above art icles in this s ect ion sugges ted that 
cho l ine or betaine content p layed any ro le with regard to spread of the 
fungus within the head . Indeed , Schroeder and Christ ens en ( 196 3 )  
demons trated that res is tance t o  hyphal penetrat ion and res istance to 
spread within the head were independent of each other . 
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In general , temperatures of 20- 30 C and cont inua l surface 
wetness of 48- 6 0  hours favors infect ion from macrocon idia : few 
spike lets were infected un less the durat ion of surface wetness (dew 
period ) exceeded 24 hours (Anderson 1 948, Pugh , et a l . 1 933 ) .  Length of 
the dew period neces s ary for maximum infect ion was affected by growth 
stage and temp erature .  At anthes is the crit ical per iod o f  wetnes s at 20 
C was 6 0 - 7 2  hours and 3 6 - 48 hours at 25 C .  At the ' p as t - f lower ing' 
stage , dew periods o f  48 -60 hours at 20 C and 36 - 48 hours at 25 C were 
required . Addit ional periods of wetness fo l lowing a dry period 
increas ed infect ion s l ight ly (Anderson 1948) . 
Incubat ion per iods were shorter when temperatures were warm 
and durat ion . o f  wetnes s increased (Anders on 1948 , Pugh , et al . . 1933) . 
As an examp l e ,  the incubat ion period at 25 C was 6 days with an 1 8  hour 
dew period , but on ly 2 days with a 3 6  hour dew period . At 20  C ,  
symptoms deve loped a fter 7 days with 1 8  hours dew , and after 6 days with 
.36  hours dew . A 3 day incubat ion per iod was obtained with 72 hours 
exposure to cont inual wetness at 20 C (Anders on , 1 948 ) .  Atanasoff 
( 1920) observed that under fie ld condit ions in Wis cons in , the incubat ion 
period was 3 to 6 days . In dry weather , however ,  he not ed that symptoms 
may t ake from 5 to 8 days to appear after a dew per iod l as t ing unt i l  
l ate morning . 
Free water on the p l ant sur face is undoubted ly important for 
infect ion , but not an abso lut e requirement for germinat ion o f  conidia . 
Ye ( 19 80 )  found t hat conidia g�rminat ed at re l at ive humidit ies above 
81% . 
Fus arium graminearum colonizes various parts of the head , 
inc luding the f l ower p arts , g lume , and rachis , and may in some cas es 
even co lonize the pedunc le (Pugh , et al . 1933 , S chroeder 195 5 , Tu 1 9 53 ,  
Wies e 1 9 7 7 ) . Co lonization is greater in chlorophy l lous t is sues , and F. 
graminearum can ,  upon infect ing the rachis , result in that vas cu lar 
t is sue being comp lete ly or part ial ly dis rupted above that po int 
(Atanas off 1 9 20 ) . However , there has been no histo logical evidence for 
actual infect ion of addit ional spike lets through the rachis ( Pugh , et 
a l . 1 9 3 3 ) . 
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Rates o f  co lonizat ion in the head di f fe r  among genotypes 
( S chroeder and Christens en 1 9 63 ) . Prolonged per iods o f  wet weather at 
harvest favor .cont inued co lonizat ion of kerne ls previous ly infected : in 
addit ion , super f icial co lonizat ion of addit ional kerne ls by E·  
graminearum is a lso favored ( Sutton 1982 ) . 
MYCOTOXINS 
In addit ion to the loss in yie ld as sociat ed with infect ion of 
the head , there is also the prob l em of los s in qual ity , part icular ly 
regarding the product ion o f  mycotoxins . 
O f  the four Fus ar ium spp . ment ioned as inc itants o f  s cab , a l l  
are capab l e  of p roduc ing mycotoxins . In addit ion , other toxin-producing 
10 
fus aria may move into b l ight ed grain as s econdary invaders ( Sutton 1982 , 
Talmage 1 983 ) . 
Although other types of toxins , most notably the aflatoxins , 
have received mor e  att ent ion overal l ,  Hagler , et a l . ( 1 984) conc luded 
that Fus arium toxicos is was a much more widespread p rob l em than 
aflatoxin . To subst ant iate these c laims , one only has to review the 
occurrence of mycotoxin product ion in conjunct ion with s ma l l  grain 
product ion in North America (Epp l ey , et a l . 1984 , Hag ler , et a l . 1984 ,  
Martin and Johns ton 1982 , Ne ish and Cohen 1 98 1 , Sutton 1 982 ) . 
DISEASE MANAGEMENT MEASURES 
I t  has been shown that infected host debris l e ft on the ground 
increas es head b l ight in the sus ceptib le crops that fo l low (Hof fer , et 
al . 1 918,  Koeh ler 1 95 9 ,  Se lby and Manns 190 9) . Hos t  debris  is the 
primary sourc e  of initial inoculum; S ince dis eas e is proport ional to 
init ial inocu lum in the case of a- monocyc l ic diseas e , a key step in 
dis eas e management is  reduct ion of initial inoculum ( Zadoks and S che in 
197 9) . 
C ropping s equence is probab ly the mos t  important cu ltura l 
means o f  reduc ing init ial inoculum . S ince the graminaceous spp . are 
genera l ly host s  to �· graminearum , it is best to avo id p l ant ing them 2 
or more years in succes s ion . This would be especial ly t rue in the cas e 
of s mal l grain fo l lowing corn for the fo l lowing reasons . First of all , 
debris from a corn c rop l eaves a relative ly l arge subst rate for 
sporu l at ion . Second ly , l ignificat ion of l arge port ions o f  t is sue adds 
to longevity o f  the subst rate and potent ial ly the pathogen . 
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Ti l l age methods such a s  mo ldboard p lowing encourage breakdown 
of subst rate as we l l  as removing sporul at ing subs trate from cont act w ith 
the host , thereby prec luding any pos s ib i l ity o f  spike infect ion from 
that s ource . Effect iveness o f  other t i l lage methods wou l d  be propor­
t iona l to their ab i l ity to bury res idue . 
Weed contro l has s ome importance in reduc ing init i a l  inoculum , 
as s everal w i ld graminaceous spp . are alternat e hos t s  o f  the s cab 
pathogen . 
Fert i l ity management a l so p l ays a ro l e  in the contro l o f  s cab :  
res ear chers working in China found that reduced rates o f  N app l icat ion 
reduced s cab inc idence (Ye , et a l . 198 1 ,  Zhu and Guo 198 1) . . 
Other factors found to reduce the amount o f  dis eas e inc luded 
reduced s eeding r at e , good drainage , and the abs ence o f  lodging ( Sutton 
1982 , Zhu and Guo 198 0) . 
Var ious fungic ides have .. been deve loped in recent years which 
show act ivity against b l ight - induc ing Fus arium spp . . Mart in and 
Johns ton ( 1982) found that prop iconizo le (Tilt , CGA - 6425 0) app l i ed at or 
fo l low ing head ing r educ ed dis eas e 41% and increas ed yie l d  by 34% . Seed 
qua l ity and color was a l so improved by us e o f  this fungi c ide. The 
act ivity of prop iconizo l e  against Fus ar ium was conf irmed by Fehrmann and 
Ahrens ( 1984) ,  who a l s o  noted a marked curat ive e ffect o f  another 
compound (prochloraz) when applied as a pos t - infect ion spray . In South 
Dakota , prop iconizo l e  has not provided adequate cont ro l ( Buchenau and 
Yahnke 1984) . 
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Disease Resistance 
S chroeder ( 195 5 ) described three types o f  res ist ance : 
res ist ance to init ial penetrat ion ,  res is tance to spread from an 
estab l ished infect ion , and escape . Although the latter is not real ly 
res istance , it does have pract ical s ignificance when app l i ed to a field 
s e l ect ion proces s . S chroeder was the first to give serious attent ion to 
dif ferences in disease progress within the head . 
Mos t  recent work done with s cab res is tance has been in China 
and eas tern Europe , where leve l s  of endemic diseas e  are quite high 
( Zheng and Lin 1 982 , Mesterhazy 1983 ) . Mesterhazy ( 1 983 ) found that 
res istance to Fus arium cu lmorum and Fus arium graminearum was corre l ated . 
However , there were some genotype x pathogen interactions . 
Regarding inheritance of res istance , Gu ( 1 983 ) found that most 
of 73 F1 progeny o f  cros s es between varieties sus cept ib l e , 
moderat e ly res istant or res is tant to Gibbere l l a  zeae res e mb led the more 
res istant parent in respons e in fie ld tes t s . Res istance in the F2 
generat ion showed cont inuous variat ion contro l l ed by dominant genes . 
Res istant l ines recent ly have been deve loped in China and 
Eastern Europe . In the ir test on 795 spring wheat ent ries Zheng and Lin 
( 1982 ) found that 126 were high l y  res istant , 129 were moderat e l y  so , 
whi le 20 were uniformly res is tant at a l l  5 test locat ions in China . 
Although no immunity was found , dif ferences in res istance were 
s ignificant and fairly s t ab l e . Zhu and Guo ( 1981 )  found that Sumai No. 
3 and 9 other l ines of wheat were valuab le donors o f  res istance , 
a lthough other agronomic charact erist ics o f  the progenies were 
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undes irab l e . In Czechos l ovakia ,  Mesterhazy ( 1 9 8 3 ) s elected 6 l ines with 
great er res is tance than the check (Awnless 1 ) , after s everal years of 
test ing selections from a s egre�at ing F2 bulk population . S e l ection 
within l ines was genera l ly unsucces s ful. 
MATERIALS AND METHODS 
General Methods 
I s ol ates of G ibbere l l a  zeae (Schw . ) Petch . , t e l eomorph of 
Fus arium graminearum , were obtained from s amp les o f  s cabby wheat grown 
in eastern South Dakota .  Several is olat es that produced numerous 
conidia in l iquid cul ture were s e l ected for us e in subs e quent s tudies . 
Cultures were maintained on potato dextros e  agar ( PDA) and 
frequent ly renewed by s ingle sporing , with long-term s t orage be ing in 
tubes containing a s o i l /per l it e/peat moss mixture ( ca .  2 : 1 : 1 , v/v/v) . 
Storage tubes. received 1 m l  of conidial suspens ion and were held at room 
temperature and a l lowed to dry for three to four days , then refriger­
ated . 
Conidia were produced in l arge n�bers by trans ferring agar 
disks from the source cu lture int o sterile 300 ml E r l enmeyer f l asks of 
carboxymethy l ce l lulos e ( CMC ) l iquid cu lture medium ( C app e l l ini and 
Peters on 1 9 65 ) and p lacing them on a temperature cont ro l led orb ita l  
shaker for s everal days . The concentrat ion of conidia was det ermined 
with a hemacytomet er and the suspens ion was di luted w ith ster i l e  
deionized water t o  provide the des ired spore concent rat ion .  
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Concent rat ions o f  5 0, 000 conidia/m l were rout ine l y  us ed in 
this invest igat ion un l e s s  otherwis e stated in conjunct ion w ith specific 
experiments .  
In one o f  the 1984 fie ld experiments ,  inoculum cons is t ed o f  a 
food bas e of a 1 : 1 �/v m ixture o f  oats and wheat which w as soaked in 
wat er overnight , p l aced in 0.95 l it er Raux bott l es, plugged w ith cotton, 
ster i l ized in the autocl ave and inocu lated with agar di sks o f  the 
pathogen . The s e  were shaken at approximat e ly 24 hour int erva l s  to 
insure cont inued adequate vent i l at ion and growth o f  fungus on the 
ster i l e  grain medium . S even- day o l d  inoculum was b roadcas t over the 
experiment al  plot s  us ing a l awn fert i l izer spreader .  
GREENHOUSE EX PERIMENTS 
Four greenhous e experiments were conducted in o rder to 
determine : which cu l t ivars were res is tant to init i a l  penetrat ion by the 
paras ite ; whic� cu l t ivars were res istant to s econdary spread from a 
s ing l e  spike l�t infect ion; what the re lationship was between yie ld loss 
and d is eas e s ever ity; and whether this re l at ionship was cons i s t ent among 
cult ivars . 
During the w int er o f  1982-83, 31 cu ltivars and breed ing l ines 
of wheat were inocu l at ed with a conidial �uspens ion of a s ing l e  iso l at e  
of Fusarium graminearum (Experiment GH 1 ) . Pr ior to inocu l at ion, date 
o f  anthes is o f  deve l oping spikes was ident i f ied us ing co lor -coded t ape. 
Spikes were subs equent ly e ither mass inocu l at ed or po int inocu l at ed in a 
s ingle spikelet per spike . Cult ivar respons e to mas s inocul at ion was 
cons idered to measure r es istance to init ial penetrat ion; s imilarly , 
respons e to po int inoculat ion was cons idered to measure res istance to 
spread . 
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A s ingle suspens ion of conidia was us ed on any g iven inocula­
tion date for both inoculat ion methods . In the cas e o f  mas s inocula ­
t ion , inoculum was applied until runo f f , us ing an art ist ' s a i r  brush . 
Heads were t ightly covered with plast ic wrap for 48 hours , after which 
the cover ing was removed . In the po int inoculat ion method , s ingle 
spikelets were injected with a droplet of inoculum from a 3 cc  
dispos able hypodermic syringe ; plants inoculated in this manner were 
allowed to incubate uncovered on the greenhous e benches . D is eas e 
readings were taken at weekly int ervals . No yield determinat ions or 
seed counts were made for material inoculated by e ither method . . 
Flowering among and within cult ivars was a dynamic process 
with new heads coming to anthes is each day . Therefore , inoculations 
were done three t imes a week and diseas e ratings were made at week ly 
intervals over a period of 7 weeks . Point inoculat ed mater ial was rated 
by counting the number of dis eas ed sp ikelets . Mas s inocu lated mat erial 
was rated on the bas is of a general diseas e  index , with 1 equal to no 
dis eas e and 5 equal to complete b l ight ing of the head . Point inocula­
tion data obt ained up to 20 days after inoculat ion were chos en for 
subsequent analys is . 
Analys is o f  var iance and corre l at ions between means of t he two 
data sets were calcu l ated . In addit ion, the number of dis eas ed 
spike lets was regres s ed on t ime for the po int inocu lat ion dat a up to 20 
days. For the mas s inocu l at ion dat a set , al l dis eas e ratings taken up 
to 8 days after inocu lat ion were ana lyzed . 
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A s imi lar exper iment us ing the point inocu lat ion method was 
conducted with 5 cult ivars s e l ected from �xper iment GH 1 :  t h e  eight 
dis eas e leve ls  used exc l uded 99% (Fig . 1 ) . The result ing experiment had 
a total of forty treatments with three repet it ions in a comp letely 
random des ign . An experimenta l  unit cons isted of one 1 3 . 5  em c l ay pot 
containing four p l ants . 
FIGURE 1 .  S cab dis ease rat ing scale : 0 and 100% are not pictured . 
1% 1� 25� 5� 75% 9� 
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were observed at the plant science farm during the 1983 season. Those 
which showed sufficiently high levels of scab infection were sampled at 
the rate of 100 heads per cultivar. All heads were harvested on the 
same day, regardless of relative maturity date. Samples were then 
sorted into categories of disease intensity (Fig. 1 )  within cultivar, 
placed in containers of water, and allowed to mature. Samples were then 
threshed, weighed and seed number counted. Percent reduction in seed 
size was regressed on disease intensity, and the hypothesis of a common 
regression among cultivars was tested. 
In 1 98 4 ,  2 1  cultivars of spring wheat were planted in 1 . 24 m 
drill strips on the plant science farm at Brookings on May 1 6 . Plots 
were planted on 6 . 1  m centers in a randomized complete block design with 
a split plot arrangement replicated three times. Relative maturity 
groups were the main plots, and individual cultivars were randomized 
within those main plots. 
On July 7 and again on July 13 , sterilized grain inoculum of 
Fusarium graminearum was spread in the alleyways and between drill 
strips of wheat using a small broadcast fertilizer spreader. At this 
time cultivars Alex and A99AR were less than one percent headed and 
Eureka was at early flowering stage. Also, on July 1 3  and 1 4 ,  conidial 
suspensions were sprayed on the plots at concentrations of approximately 
1 million conidia/m2 while wheat was flowering. Conditions were most 
favorable for infection on the July 14 inoculation date. 
Symptoms were allowed to develop fully and individual culms 
were marked with spray paint, each level of disease intensity corre-
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spending to a different co lor . Heads were al lowed to mature ,  c l ipped 
and dried . Subs amp les taken from within each main s amp l e  were compos ed 
o f  a c ·ommon diseas e  intens ity and cult ivar combinat ion . S ubs amp les were 
then threshed , weighed and s eed number counted as in the greenhous e 
experiments above . Percent reduct ion in me� seed weight and mean yield 
were regres s ed on dis eas e int ens ity . Calculat ions for the above 
reduct ions were made as fo l lows : PRS =100*(cks -sw ) /cks and 
PRH=1 00* ( ckh -hw) / ckh where PRS = percent reduct ion in mean s eed we ight , 
cks = mean seed we ight for hea lthy seed , sw = mean s eed we ight for the 
dis eas ed s eed s amp le , PRH = percent reduct ion in mean weight head 
weight , ckh = mean head weight for hea lthy heads , and hw = mean head 
weight for dis eas ed head s amp le . 
In addit ion , heal thy heads from these p lots were inocul at ed 
with a hypodermic syringe on July 22 , approximate ly 15 days after the 
ons et of flowering . Treatments cons isted of 0 ,  1 ,  1 0 , 25 , 5 0 , 75 , 90 , 
99 , and 100 % of f lorets init ial ly inoculated for each of the three 
eult ivars (Fig . 1 ) . 
A lso dur ing the 1984 season ,  heads of hard red winter wheat 
which were natural ly infect ed were rat ed for scab s everity and culms 
were marked in a s imi l ar manner to that des cribed for exper iment GH 2 .  
S im i l ar data were t aken and ana lyt ical procedures app l ied as in 
experiment GH 2.  
Samp l es o f  spring wheat cult ivars Guard and Os lo also were 
taken from a fungicide by cu lt ivar interact ion study at Redfield dur ing 
the 1 9 84 s eas on , and culms were marked and s amp les proces s ed in a manner 
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similar to to that described above (experiment GH 2 ) . Percent loss in 
yield and seed size were regressed on disease intensity, and the 
hypothesis of a common regression coefficient between cultivars with the 
same fungicide treatment was tested. 
RESULTS AND DISCUSSION 
GREENHOUSE STUDIES 
Analysis of variance of the data from the mass inoculated 
material (Tables 1 and 2) indicated that there were differences in 
initial disease between cultivars (P<.Ol). Effects of cultivar and time 
interval after inoculation on disease were both highly significant 
(P<.Ol), but the interval by cultivar interaction was not. This 
indicated that the cultivar ranking .. remained essentially unchanged over 
time. Disease means for cultivars and breeding lines are presented in 
Table 3. The probability of differences between cultivars is presented 
in Tables 4 and 5. Data taken more than 8 days after mass inoculation 
were dropped from this particular analysis of variance, in order to 
measure resistance to initial penetration. Additional disease from 
secondary spread could otherwise have obscured the results of this test. 
Cultivars NJ17, NJ28 and Olaf had the lowest amount of spread 
from an infected medial floret, while the means of Profit75, Prater, and 
Pondera were the highest (Table 3). While no histological or physio­
logical studies were attempted in order to provide information on the 
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TABLE 1. Analysis of variance of disease rating for data up 
to 8 days after mass inoculation on various cultivars with 
interval as a covariate. Greenhouse experiment 1. 
Source of Variation df Mean Square 
Cultivar 30 9. 2110-;'.--;'( 
Error 2589 2. 7667 
*-;"( Denotes significance at the 1% probability level. 
TABLE 2. Analysis of variance for the dependent variable 
disease for data up to and including 8 days after mass 
inoculation. Greenhouse experiment 1. 
Source of Variation df Mean Square 
Interval 1 3. 7524 __ .,* 
Cultivar 30 0. 7279 -;"(* 
Interval*Cultivar 30 0. 3422 
Error 484 0.3328 
** Denotes sign�ficance at the 1% probability level. 
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TABLE 3. Least squares mean disease rating for wheat inoculated 
at anthesis with Fusarium graminearum based on data taken up to 8 
days after mass inoculation and up to 20 days after point 
inoculation, respectively. Greenhouse experiment 1. 
Mass Inoculated Point Inoculated 
Disease · Standard Disease Standard 
Cultivar• Mean•• Error Mean Error 
(Index) (Spiklets/Spike) 
1. Alex 2.04 0. 13 1.10 0.29 
2. Angus 1. 31 0. 24 2. 21 0.39 
3. Butte 1. 47 0. 12 2.42 0.22 
4. Cent a 1.72 0. 17 0.61 0.27 
5. Coteau 1. 65 0.15 0.60 0.33 
6. Era 1. 27 0.11 1.36 0.24 
7. Eureka 1.95 0. 09 0.99 0.20 
'8. James 1. 67 0. 11 0.48 0. 23 
9. Len 1. 72 0.09 0.74 0. 20 
10. Lew 1.61 0. 12 0.78 0.23 
11. Marshall 1. 68 0. 11 0. 83 0.27 
12. NJ11 1.48 0. 19 0.83 0.46 
13. NJ12 1. 84 0. 24 2.50 0.68 
14. NJ17 1.56 0.16 0.30 0.41 
15. NJ28 1. 74 0. 17 0.44 0.42 
16. NJ29 1.88 0. 12 0.71 0.27 
17. NJ4 1. 27 0. 15 1.62 0.43 
18. Olaf 1.75 0.08 0.46 0.14 
19. Oslo 1. 84 0.16 1. 74 0. 34 
20. Ponder a 1.75 0. 16 2. 54 0. 32 
21. Prod ax l.70 0. 24 2. 31 0.37 
22. Profit75 1. 14 0. 29 3.73 0.37 
23. Protor 1.80 0. 15 3.17 '(). 33 
24. Rugby 1.58 0. 15 0.75 0.43 
25. SD8015 1.59 0. 12 0.65 0. 26 
26. Solar 1. 30 0.13 1. 35 0. 25 
27. Waldron 1. 94 0. 14 1. 06 0.34 
28. Walera 1. 67 0. 22 0.93 0.43 
29. Ward 1. 46 0. 17 1.43 0.34 
30. WS1809 2.21 0.22 1. 96 0.38 
31. 906R 1. 87 0. 22 1. 78 0.42 
• Numbers correspond with those in tables 4 and 5. 
•• For probabilities that least squares disease mean I = least 
squares disease mean J, refer to tables 4 and 5. 
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TABLE 4. Probability that least squares mean disease rating of cultivar I= least squares mean disease rating of cultivar J for 
wheat mass inoculated at anthesis with Fusarium graminearum, based on data taken up to 8 days after mass inoculation. Greenhouse 
experiment 1o 
1/J 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 
1 0.0070 Oo 0017 Oo1383 0.0534 0.0001 Oo5790 Oo0354 Oo0475 Oo0169 Oo0431 Oo0182 Oo4602 0.0222 Oo1599 0.3628 
2 0.0070 Oo5259 Oo 1495 0.2145 o. 9017 0.0114 0.1643 0 01027 Oo2432 Oo 1474 0.5590 Oo 1104 Oo3692 Oo1340 Oo0298 
3 0.0017 Oo5259 Oo2272 Oo3518 0.2264 0.0018 0.2363 0. 1052 Oo4063 Oo2015 Oo9651 Oo1663 Oo6601 Oo1976 0.0159 
4 0.1383 0.1495 Oo2272 Oo7542 Oo0265 0.2352 Oo7949 0.9856 Oo5954 0.8534 0.3491 0.6867 Oo4881 0.9439 Oo4428 
5 0.0534 0.2145 0.3518 0.7542 0.0437 Oo0915 0.9251 Oo7032 0.8396 0.8610 0.4890 Oo5038 Oo6797 Oo6985 Oo2320 
6 0.0001 Oo9017 0.2264 0.0265 0.0437 0.0001 0.0140 Oo0023 0.0318 0.0105 0.3482 0.0311 Oo 1419 0 0 0213 Oo0002 
7 0.5790 0.0114 0.0018 0.2352 0.0915 0.0001 0.0577 0.0773 Oo0256 Oo0111 0.0301 0. 6631 0.0368 0.2710 0.6345 
8 0.0354 Oo 1643 0.2363 0.7949 0.9251 0.0140 0.0577 0.7367 Oo7323 0.9247 0.4045 0.5188 Oo5827 Oo7322 0.2013 
9 Oo0475 Oo 1027 Oo 1052 0.9856 0.7032 0.0023 0.0773 0.7367 0.4812 0.8161 0.2704 Oo6353 Oo3948 Oo9161 Oo2804 
10 Oo0169 0.2432 Oo4063 0.5954 0.8396 0.0378 Oo0256 Oo7323 0.4812 Oo6630 Oo5653 Oo3935 Oo7942 Oo5402 0.1095 
11 0.0431 Oo1474 Oo2015 0.8534 0.8610 0.0105 Oo0717 Oo9247 0.8161 Oo6630 0.3679 0.5567 Oo5303 o:7893 Oo2336 
12 0.0182 0.5590 0.9651 0.3491 0.4890 0.3482 Oo0301 Oo4045 0.2704 0.5653 Oo3679 0.2439 0.7552 0.3167 Oo0806 
13 0.4602 0.1104 0. 1683 0.6867 0.5038 0.0311 I 0,6637 Oo5188 0.6353 Oo3935 0.5567 0.2439 Oo3315 0.7294 0.8799 
14 0.0222 0.3692 0.6601 0.4881 0.6791 0.1419 0.0368 Oo5827 0.3948 Oo7942 0.5303 0.7552 0.3315 0.4441 Oo 1096 
15 0. 1599 0.1340 0.1976 0.9439 0.6985 0.0213 Oo2710 Oo7322 Oo9161 Oo5402 0.7893 Oo3167 Oo7294 Oo4441 Oo4923 
16 0.3628 0.0298 0.0159 0.4428 0.2320 0.0002 0.6345 0.2013 Oo2804 0. 1095 0.2336 0.0806 0.8799 0.1096 0.4923 
17 0.0002 0.8933 0.2944 0.0461 0.0741 0.9772 Oo0002 Oo0362 Oo0124 0.0766 0.0300 0.3821 0.0434 0. 1879 0.0388 Oo0018 
18 0.0659 0.0721 0.0524 0.8639 0.5473 0.0006 0.1101 Oo5442 Oo7719 Oo3243 0.6184 Oo1952 Oo7330 0:2829 0.9350 0.3760 
19 0.3394 Oo0618 0.0691 0.6135 0.3936 0.0042 Oo5544 0. 3884 Oo5151 Oo2591 Oo4330 0 0 1561 Oo9990 Oo2224 Oo6649 Oo8433 
20 0.1721 0.1160 0.1619 0.8899 0.6411 0.0146 0.2931 0.6672 0.8477 Oo4801 0.7241 0.2804 Oo7669 Oo3959 0.9469 0.5305 
21 0.2182 0.2312 0.3819. Oo9533 Oo8491 0.0991 0.3364 0.8923 0.9574 0.7282 Oo9381 0.4671 0.6891 0.6147 0.9076 Oo5098 
22 0.0048 0.6543 0.2853 0.0812 0.1152 0.6638 0.0078 0.0885 0.0563 0.1284 0.0792 0.3221 0.0611 0.2007 0.0728 0.0177 
23 0. 2333 0.0824 0.1002 0.7459 Oo5034 Oo0066 0.3953 0.5110 0.6675 Oo3465 0.5625 0.2066 0.8791 0.2930 0.8018 Oo6689 
24 0.0251 0. 3277 0.5813 0.5362 0.7424 0. 1079 0.0417 0.6456 Oo4445 Oo6689 Oo5894 Oo6915 0.3618 0.9290 Oo4891 0.1246 
25 0.0120 0.2886 0.5068 0.5101 0.7327 0.0589 0.0175 Oo6155 0.3824 Oo8731 0.5524 0.6498 0.3414 Oo 9011 0.4597 0.0821 
26 0.0001 0.9711 0.3084 Oo0419 0.0666 0.8931 Oo0001 0.0280 0.0068 0.0661 0.0220 0.4157 0.0427 Oo 1925 Oo0345 Oo0001 
27 0.6262 0.0202 0.0110 0.3075 0.1534 0.0002 Oo9797 0 0 1281 Oo 1773 Oo0712 Oo 1499 0.0535 0.6995 Oo0725 Oo3449 Oo7160 
26 Oo1463 0.2619 0.4390 Oo8409 0.9555 Oo1101 0.2351 0.9908 Oo6270 Oo8300 0.9418 Oo5302 0.5933 0.6979 Oo7940 Oo3921 
29 0.0065 0.6034 0.9305 0.2586 0.3799 Oo3668 0.0100 Oo2864 Oo 1669 0.4399 Oo2558 0.9128 0. 1852 0.6466 Oo2302 0.0383 
30 Oo5020 0.0050 0.0033 0.0761 0.0352 Oo0002 Oo2712 Oo0283 Oo0383 Oo0167 Oo0332 0.0128 0.2480 Oo 0171 Oo0866 0.1811 
31 Oo5025 0.0810 0.1148 0.5976 Oo4160 Oo0160 Oo7307 Oo4226 Oo5304 0.3069 Oo4586 Oo 1881 0.9292 Oo2595 Oo6401 Oo9640 
N 
w 
TABLE 4 .  Cont inued 
1 /J 1 7  1 8  
1 0 . 0002 0 . 0659 
2 0 . 89 3 3  0 . 072 1 
3 0 . 2944 0 . 0524 
4 0 . 046 1 0 . 86 3 9  
5 0 . 07 4 1  0 . 5473 
6 0 .  9772 0 . 0006 
7 0 . 0002 0 . 1 1 0 1  
8 0 . 0362 0 . 5442 
9 0 . 0 1 24 0 . 77 1 9  
1 0  0 . 0766 0 . 3243 
1 1  0 . 0 3 00 0 . 6 1 84 
1 2  0 . 3 8 2 1  0 . 1 952 
1 3  0 . 04 34 0 . 7 3 30 
1 4  0 . 1 8 79 0 . 2629 
1 5  0 . 0 3 68 0 . 9 3 50 
1 6  0 . 00 1 8  0 .  3 760 
1 7  0 . 0054 
1 8  0 . 0054 
1 9  0 . 0 1 05 0 . 6 344 
20 0 . 0293 0 . 9984 
2 1  0 . 1 2 1 9  0 . 8452 
22 0 . 694 1 0 . 0407 
23 0 . 0 1 6 1  0 . 8088 
24 0 . 1 5 1 9  0 . 32 1 2  
25 0 . 1 042 0 . 2468 
26 0 . 8879 0 . 0022 
27 0 . 00 1 3 0 . 2364 
28 0 . 1 3 79 0 . 7088 
29 0 . 4087 0 . 1 070 
30 0 . 0005 0 . 0500 
3 1  0 . 0255 0 . 6254 
1 9  
0 . 3 394 
0 . 06 1 8  
0 . 069 1 
0 . 6 1 3 5 
0 . 3 9 3 8  
0 . 0042 
0 . 5544 
0 . 3884 
0 . 5 1 5 1  
0 . 259 1 
0 . 4 3 30 
0 . 1 56 1  
0 . 9990 
0 . 2224 
0 . 6649 
0 . 84 3 3  
0 . 0 1 05 
0 . 6 3 4 4  
0 . 7082 
0 . 6 3 9 5  
0 . 0 3 5 1  . 
0 . 8462 
0 . 248 3 
0 . 2087 
0 . 008 1 
0 . 6207 
0 . 527 1 
0 . 0978 
0 . 1 706 
0 . 9 1 72 
20 2 l  22 23 
0 . 1 72 1  0 . 2 1 82 0 . 0048 0 . 2 3 3 3  
0 . 1 1 60 0 . 2 3 1 2  0 . 6543 0 . 0824 
0 . 1 6 1 9  0 . 3 8 1 9  0 . 2853 o. 1 002 
0 . 8899 0 . 9 5 3 3  0 . 08 1 2  0 . 7459 
0 . 64 1 1 0 . 8 4 9 1  0 . 1 1 52 0 . 5034 
0 . 0 1 4 6 0 . 099 1 0 . 6638 0 . 0066 
0 . 29 3 1  0 .  3 364 0 . 0078 0 . 3953 
0 . 6672 0 . 8923 0 . 0885 0 . 5 1 1 0  
0 . 8477 0 . 9 5 74 0 . 0563 0 . 6675 
0 . 480 1 0 . 7282 0 . 1 284 0 . 3465 
0 . 724 1 0 . 9 3 6 1  0 . 0792 0 . 5625 
0 . 2804 0 . 4 6 7 1  0 . 3 2 2 1  0 . 2066 
0 . 7669 0 . 669 1 0 . 06 1 1 0 . 879 1 
0 . 3959 0 . 6 1 4 7 0 . 2007 0 . 2930 
0 . 9469 0 . 9076 0 . 0728 1 0 . 80 1 8  
0 . 5 3 05 0 . 5098 0 . 0 1 7 7 0 . 6689 
0 . 02 9 3  0 . 1 2 1 9  0 . 694 1 0 . 0 1 6 1  
0 . 9984 0 . 8 4 52 0 . 0407 0 . 8088 
0 . 7082 0 . 6 3 95 0 . 0 3 5 1  0 . 8462 
0 . 8638 0 . 0632 0 . 85 1 5  
0 . 86 3 8  0 . 1 290 0 . 7479 
0 . 06 3 2  0 .  1 290 0 . 0454 
0 . 85 1 5  0 . 7 4 7 9  0 . 0454 
0 . 4 380 0 . 6608 0 . 1 769 0 . 3266 
0 . 4034 0 . 6545 0.  1 5 34 0 . 2858 
0 . 0249 0. 1 262 0 . 6 1 7 5 0 . 0 1 24 
0 . 3 7 1 2  0 . 3 8 3 1 0 . 0 1 24 0 . 4756 
0 . 7477 0 . 9 0 5 1  0 .  1 447 0 . 6 3 0 1  
0 . 1 97 1  0 . 3880 0 . 343 1 0 . 1 3 50 
0 . 0926 0. 1 1 69 0 . 00 3 3  0 . 1 2 1 9  
0 . 6763 0 . 6 1 42 0 . 0448 0 . 7894 
24 25 26 2 7  
0 . 02 5 1  0 . 0 1 20 0 . 000 1 0 . 6262 
0 . 3277 0 . 2886 0 . 97 1 1 0 . 0202 
0 . 58 1 3  0 . 5068 0 . 3084 0 . 0 1 1 0  
0 . 5362 0 . 5 1 0 1 0 . 04 1 9  0 . 3 0 7 5  
0 . 7424 0 . 7 3 2 7  0 . 0686 0 . 1 5 3 4  
0 . 1 079 0 . 0589 0 . 89 3 7  0 . 0002 
0 . 04 1 7  0 . 0 1 7 5 0 . 000 1 0 . 9 7 9 7  
0 . 6456 0 . 6 1 55 0 . 0280 0. 1 28 1  
0 . 4445 0 . 3824 0 . 0068 0 . 1 7 7 3  
0 . 6689 0 . 87 3 1  0 . 06 6 1  0 . 07 1 2  
0 . 5894 0 . 5524 0 . 0220 0 . 1 499 
0 . 69 1 5  0 . 6498 0 . 4 1 5 7 0 . 05 3 5  
0 . 36 1 8  0 . 3 4 1 4  0 . 0427 0 . 6995 
0 . 9290 0 . 90 1 1 0 . 1 92 5  0 . 0 7 2 5  
0 . 489 1 0 . 4597 0 . 0 3 4 5  0 . 3 4 4 9  
0 . 1 246 0 . 08 2 1  0 . 0007 0 . 7 1 60 
0 . 1 5 1 9  0 . 1 042 0 . 8879 0 . 00 1 3 
0 . 3 2 1 2  0 . 2468 0 . 0022 0 . 2 3 6 4  
0 . 2 4 8 3  0 . 2087 0 . 008 1 0 . 6207 
0 . 4 3 80 0 . 4034 0 . 0249 0 . 3 7 1 2  
0 . 6608 0 . 6545 0 . 1 262 0 . 3 8 3 1  
0 . 1 76 9  0 . 1 5 3 4  0 . 6 1 75 0 . 0 1 24 
0 . 3266 0 . 2858 0 . 0 1 24 0 . 4 7 5 6  
0 . 9792 0. 1 52 1  0 . 08 2 1  
0 . 9792 0 . 0959 0 . 0 5 3 2  
0 .  1 52 1  0 . 0959 0 . 0006 
0 . 082 1 0 . 0 5 3 2  0 . 0006 
0 . 7498 0 . 7482 0 . 1 420 0 . 2854 
0 . 5797 0 . 5242 0 . 4452 0 . 0252 
0 . 0 1 9 1 0 . 0 1 27 0 . 000 3 0 . 3062 
0 . 2856 0 . 2608 0 . 0 2 3 8  0 . 7 6 5 6  
28 29 30 
0 . 1 46 3  0 . 0065 0 . 5020 
0 . 26 1 9  0 . 6 0 3 4  0 . 0050 
0 . 4 3 9 0  0 . 9 3 05 0 . 003 3  
0 . 8409 0 . 2586 0 . 0 7 6 1 
0 . 9 5 5 5  0 . 3 799 0 . 0 3 5 2  
0 . 1 1 0 1  0 . 3668 0 . 0002 
0 . 2 3 5 1  0 . 0 1 00 0 . 27 1 2  
0 . 9908 0 . 2884 0 . 0 2 8 3  
0 . 8270 o.  1 669 0 . 0 3 8 3  
0 . 8 3 00 0 . 4 399 0 . 0 1 6 7 
0 . 94 1 8  0 . 2558 0 . 0 3 3 2  
0 . 5 3 0 2  0 . 9 1 28 0 . 0 1 28 
0 . 5 9 3 3  0 .  1 852 0 . 2480 
0 . 6 9 7 9  0 . 6466 0 . 0 1 7 1  
0 . 7940 0 . 2 302 0 . 0866 
0 . 3 92 1  0 . 0 3 8 3  0 . 1 8 1 1 
0 . 1 3 79 0 . 4087 0 . 0005 
0 . 7088 0 . 1 07 0  0 . 0 500 
0 . 52 7 1  0 . 09 7 8  0 . 1 706 
0 . 7 4 7 7  0 . 1 97 1 ' 0 . 0926 
0 . 905 1 0 . 3880 0 . 1 1 69 
0 . 1 447 0 . 3 4 3 1 0 . 00 3 3  
0 . 6 3 0 1  0 . 1 3 50 0 . 1 2 1 9  
0 . 7498 0 . 5797 0 . 0 1 9 1  
0 . 7482 0 . 5242 0 . 0 1 2 7 
0 . 1 420 0 . 4452 0 . 0003 
0 . 2854 0 . 0252 0 . 3062 
0 . 44 3 2  0 . 0798 
0 . 4 4 3 2  0 . 0062 
0 . 0 7 9 8  0 . 0062 
0 . 5 1 6 9  0 . 1 34 6  0 . 2670 
3 1  
0 . 5 0 2 5  
0 . 08 1 0  
0 . 1 1 48 
0 . 5 9 7 6  
0 . 4 1 60 
0 . 0 1 60 
0 . 7 3 07 
0 . 4 2 2 6  
0 . 5 3 0 4  
0 . 3 0 6 9  
0 . 4 58 6  
0 . 1 88 1  
0 . 9 2 9 2  
0 . 2 5 9 5  
0 . 64 0 1  
0 . 9640 
0 . 0 2 5 5  
0 . 6 2 5 4  
0 . 9 1 72 
0 . 6 7 6 3  
0 . 6 1 42 
0 . 0448 
0 . 7 8 9 4  
0 . 2 8 5 6  
0 . 2608 
0 . 0 2 3 8  
0 . 7 6 5 6  
0 . 5 1 69 
0 . 1 3 4 6  
0 . 2 6 7 0  
N 
.p. 
TABLE 5 .  Probability that least squares mean disease rat i ng of cult i var I =  least squares mean disease rating o f  cu l t l va r  J fo r 
wheat point inoculated at anthesis with Fusarium graminearum , based on data taken up to 20 days after point inoculation .  Green 
house exper i ment 1 .  
1 /J 1 2 3 4 5 ' 6 7 8 9 10 11 12 13 14 15 16 
1 0 . 0230 0 . 0003 0 . 2188 0 . 2554 0 . 4883 0 . 7528 0 . 0897 0 . 3031 0 . 3869 0 . 4955 0 . 62 1 3  O o 0592 O o 1 139 O o  1981 0 . 32 2 5  
2 0 . 0230 0 . 6379 O o 0009 O o 0018 O o 0649 0 . 0059 0 . 0001 0 . 0009 0 . 0018 0 . 0041 0 . 0233 O o 7 1 00 0 . 0009 0 . 0022 0 . 0017 
3 0 . 0003 0 . 6379 O o 0001 0 . 0001 0 . 00 1 1  0 . 0001 O o 0001 O o 0001 O o 0001 O o 000 1 O o 00 1 9  0 . 9 1 03 0 . 0001 O o 0001 O o 000 1 
4 0 . 2 1 88 0 . 0009 O o 000 1 O o  98 1 3  0 . 0393 O o 2653 O o 7041 O o 7002 O o 6367 O o 5749 0 . 6833 O o 0 1 02 O o 5337 O o  7377 0 . 8036 
5 O o 2554 O o 0018 O o 000 1 0 . 9813 0 . 0632 0 . 3159 0 . 7556 0 . 7 1 66 0 . 657 1 0 . 5968 O o 6871 O o 0 1 25 0 . 5730 O o 7679 0 . 8047 
6 0 . 4883 O o 0649 0 0 00 1 1 O o 0393 O o 0632 O o 2362 O o 0075 0 . 0457 0 . 0818 0 .  1452 O o 3 1 00 0 . 1 1 46 0 . 0271 O o 0585 0 . 0723 
7 0 . 7528 0 . 0059 0 . 000 1 O o 2653 O o 3159 0 . 2362 0 . 0916 0 .  3769 0 . 4954 0 . 6370 0 . 7529 0 . 0341 0 . 1357 0 . 2419 0 . 4054 
8 0 . 0897 O o 0001 O o 000 1 0 . 704 1 0 . 7556 0 . 0075 0 . 09 1 6 0 .  3792 0 . 3491 0 .  3237 0.4924 0 . 0050 O o 7133 O o 9451 0 . 5158 
9 0 . 3031 O o 0009 O o 000 1 O o 7002 O o 7 1 66 O o 0457 O o 3769 0 . 3792 0 . 8964 0 . 7950 0 . 8587 0 . 0 1 35 0 . 3389 0 . 5218 O o 9203 
1 0  0 . 3869 0 . 0018 0 . 000 1 O o 6367 0 . 657 1 0 . 08 1 8  0 . 4954 0 . 3491 0 . 8964 0 . 8931 0 . 9230 0 . 0 1 73 0 . 3 1 37 O o 4829 0 . 8380 
1 1  0 . 4955 O o 0041 0 . 000 1 0 . 5749 0 . 5968 0 .  1452 O o 6370 0 . 3237 0 . 7950 O o 8931 0 . 9974 0 . 0234 0 . 2898 O o 4434 0 . 7539 
1 2  0 . 62 1 3  0 . 0233 0 . 00 1 9  0 . 6833 0 . 687 1 O o 3 1 00 O o 7529 O o 4924 0 . 8587 0 . 9230 O o 9974 0 . 0427 O o 3955 0 . 5361 0 . 8 1 87 
1 3  0 . 0592 0 . 7 1 00 O o 9 1 03 0 . 0 1 02 0.0 1 25 0 . 1146 0 . 0341 0 . 0050 O o 0 1 35 O o 0173 O o 0234 O o 0427 O o 0060 0 . 0104 0 . 0 1 49 
1 4  0 . 1 1 39 0 . 0009 0 . 000 1 O o 5337 0 . 5730 0 . 0271 0 . 1357 0 . 7133 0 . 3389 O o 3 1 37 0 . 2898 O o 3955 0 . 0060 O o 8117 O o 4 1 45 
1 5  0 0 1 98 1  O o 0022 0 . 000 1 0 . 7377 0 . 76 79 0 . 0585 , 0 . 2419 0 . 9451 0 . 52 1 8  0 . 4829 O o 4434 0 . 5361 0 . 0 1 04 0 . 8117 0 . 5988 
1 6  0 .  3225 0. 00 1 7  0 . 000 1 O o 8036 0 . 8047 0 . 0723 0 . 4054 0 . 5 1 58 0 . 9203 O o 8380 O o 7539 O o 8 1 87 0 . 0149 O o 4145 0 . 5988 
17 O o 3209 0 . 3 1 47 0 . 1 000 O o 0502 O o 0631 0 . 60 1 2 O o  1 900 O o 0203 0.0665 0 . 0895 0 .  1254 0 . 2147 0 . 2753 0 . 0287 0 . 0525 0 . 0764 
1 8  0 . 0453 0 . 0001 0.000 1 O o 6195 O o 69 1 5  O o 00 1 2  O o 0305 O o 9479 0 . 2425 0 . 2344 0 . 2305 0.4425 0 . 0035 0 . 7209 0 .  9722 0 . 4180 
1 9  0 0 1466 0 . 3696 0 . 0929 0 . 0091 0 . 0 1 56 0 . 35 1 5  0 . 0548 O o 00 1 9  O o 0 1 03 O o 0 1 86 0 . 0355 0 . 1 1 06 O o 3197 0 . 0070 0 . 0160 0 . 0170 
20 O o 0008 0 . 5 1 49 0 . 7634 0 . 000 1 0 . 000 1 0 . 0030 0 . 0001 0 . 0001 0 . 0001 0 . 0001 0 . 000 1 O o 0023 0 . 9624 O o 0001 0 . 0001 0 . 000 1 
21 0 . 0096 O o 8527 0 . 7923 O o 0002 0 . 0006 0 . 0301 O o 0016 0 . 0001 0 . 0002 O o 0004 0 . 00 1 3  0 . 0 1 23 0 . 8029 O o 0003 O o 0008 0 . 0005 
22 0 . 0001 0 . 0049 0 . 0024 0 . 000 1 0 . 000 1 0 . 000 1 0 . 000 1 0 . 0001 O o 0001 0 . 0001 0 . 0001 O o 000 1 0 . 1 1 35 0 . 0001 O o 0001 0 . 0001 
23 0 . 000 1 0 . 0596 0 . 0575 - 0 . 000 1 0 . 000 1 O o 000 1 O o 0001 O o 0001 0 . 0001 O o 0001 0 . 000 1 O o 0001 0 . 3745 O o 0001 0 . 0001 0 . 000 1 
24 0 . 4965 0 . 0 1 21 0 . 0005 0 . 7863 0 . 7848 0 . 2134 0 . 61 1 5 O o 5740 0 . 9863 O o 9466 0 . 8756 0 . 8973 0 . 0299 0 . 4537 0 . 6107 0 . 9345 
25 0 . 2444 0 . 0010 0 . 000 1 0 . 9283 0 . 9 1 68 0 . 0448 0 . 2995 0 . 6272 0 . 7715 0 . 7003 0 . 6303 0 . 7283 0 . 0114 0 . 4849 0 . 6640 0 . 8705 
26 0 . 5144 0 . 0646 0 . 00 1 3  0 . 0460 O o 07 1 1  O o 9746 0 . 2622 0 . 0096 0 . 0555 0 . 0946 0 . 16 1 2  0 . 3242 O o 1126 0 . 0304 0 . 0642 0 . 0826 
27 0 . 9320 0 . 0278 0 . 0008 0 . 303 1 0 . 3327 0 . 4755 O o 8550 0 . 1540 O o 4155 0 . 4952 0 . 5949 0 . 6876 0 . 0597 0 . 1 573 0 . 2 540 0 . 4175 
28 0. 7383 0 . 0276 0 . 0020 0 . 5337 0 . 5465 Oo 3787 0 . 8960 0 . 3524 O o 6920 0 . 7624 0 . 8459 0 . 8776 O o 0513 0 . 2942 0 . 4201 0 . 6645 
29 0 . 4593 0 . 1320 0 . 0 1 39 O o 060 1 0 . 0802 0 . 8673 0 . 2641 0 . 0195 O o 0786 0 . 1 1 36 0 . 1 685 0 . 2968 0 .  1591 0 . 0352 0 . 0681 0 . 0969 
30 O o 0687 0 . 6528 0 . 2949 0 . 0037 O o 0066 O o 1753 O o 0227 O o 0007 O o 004 1 0 . 0075 O o 0 1 51 0 . 0576 0 . 4902 O o 0030 0 . 0072 0 . 0070 
31 0 . 1796 0 . 4597 O o  1 794 O o 0195 0 . 0272 0 .  3799 0 . 0884 O o 0063 O o 0248 0 . 0367 O o 0574 0 0 1 276 O o 3708 O o 0121 O o 0244 O o 0319 
N 
VI 
TABLE 5 .  Con tinued 
1/J 1 7  1 8  1 9  20 2 1  
1 0 . 3209 0 . 04 5 3  0 . 1 466 0 . 0008 0 . 0096 
2 0 . 3 1 4 7 0 . 000 1  0 . 3 696 0 . 5 1 4 9 0 . 8 5 2 7  
3 0 . 1 000 0 . 000 1 0 . 0929 0 . 7 6 3 4  0 . 7 9 2 3  
4 0 . 0502 ' 0 . 6 1 9 5 0 . 009 1 0 . 000 1 0 . 0002 
5 0 . 06 3 1  0 . 69 1 5  0 . 0 1 56 0 . 000 1 0 . 0006 
6 0 . 60 1 2  0 . 00 1 2  0 . 3 5 1 5  0 . 0030 0 . 0 30 1  
7 0 . 1 900 0 . 0 3 05 0 . 0548 0 . 000 1 0 . 00 1 6  
8 0 . 020 3 0 . 9479 0 . 00 1 9  0 . 000 1 0 . 000 1 
9- 0 . 0665 0 . 2425 0 . 0 1 0 3 0 . 000 1 0 . 0002 
1 0  0 . 0895 0 . 2 3 4 4  0 . 0 1 86 0 . 000 1 0 . 0004 
1 1 0 .  1 2 54 0 . 2305 0 . 0 3 55 0 . 000 1 0 . 00 1 3  
1 2  0 . 2 1 4 7 0 . 4425 0.  1 1 06 0 . 002 3 0 . 0 1 2 3 
1 3  0 . 2 7 5 3  0 . 00 3 5  0 . 3 1 97 0 . 9624 0 . 8029 
1 4  0 . 0287 0 . 7209 0 . 0070 0 . 000 1 0 . 0 0 0 3  
1 5  0 . 0525 0 . 9722 0 . 0 1 60 0 . 000 1 0 . 0008 
1 6 0 . 0764 0 . 4 1 80 0 . 0 1 70 0 . 000 1 0 . 0005 
1 7  0 . 0 1 1 4  0 . 820 1 0 . 0878 0 . 2 2 5 4  
1 8 0 . 0 1 1 4  0 . 0004 0 . 000 1 0 . 000 1 
1 9 0 . 820 1  0 . 0004 0 . 086 1 0 . 2 5 69 
20 0 . 0878 0 . 000 1 0 . 086 1 0 . 6 3 6 3  
2 1  0 . 2254 0 . 000 1 0 . 2569 0 . 6 3 6 3  
2 2  0 . 0002 0 . 000 1 0 . 000 1 0 . 0 1 4 5 0 . 0064 
2 3  0 . 0044 0 . 000 1 0 . 0024 0. 1 625 0 . 0 7 86 
24 0 . 1 54 7  0 . 5 1 96 0 . 0680 0 . 0008 0 . 0 0 5 7  
25 0 . 0 56 1 0 . 5 3 1 8  0 . 0 1 0 3 0 . 000 1 0 . 0002 
26 0 . 5894 0 . 00 1 9  0 . 3447 0 . 00 3 1 0 . 0 3 02 
27 0 . 3 1 4 5 0 .  1 025 0 . 1 55 3  0 . 00 1 5  0 . 0 1 29 
28 0 . 258 1 0 . 298 3 0 . 1 3 4 2  0 . 0025 0 . 0 1 4 3  
29 0 . 7295 0 . 008 1 0 . 5079 0 . 0 1 65 0 . 0 7 7 3  
3 0  0 . 5489 0 . 0002 0 . 66 3 7  0 . 2 4 3 5  0 . 5 1 1 8  
3 1  0 . 7855 0 . 0028 0 . 94 1 6  0 . 1 5 1 5  0 . 3 4 6 1  
2 2  2 3  2 4  2 5  2 6  
0 . 000 1 0 . 000 1 0 . 4 9 6 5  0 . 2 4 4 4  0 . 5 1 44 
0 . 0049 0 . 0596 0 . 0 1 2 1  0 . 00 1 0  0 . 0646 
0 . 0024 0 . 0 5 7 5  0 . 0005 0 . 000 1 0 . 00 1 3  
0 . 000 1 0 . 000 1 0 . 7 8 6 3  0 . 9 2 8 3  0 . 0 4 6 0  
0 . 00 0 1  0 . 0001  0 . 7848 0 . 9 1 68 0 . 0 7 1 1 
0 . 000 1 0 . 000 1 0 . 2 1 34 0 . 0 4 4 8  0 . 9 7 4 6  
0 . 000 1 0 . 000 1 0 . 6 1 1 5  0 . 2995 0 . 2622 
0 . 000 1 0 . 000 1 0 . 5 7 4 0  0 . 6 2 7 2  0 . 0 098 
0 . 000 1 0 . 000 1 0 . 9 8 6 3  0 . 77 1 5  0 . 0 5 5 5  
0 . 000 1 0 . 000 1 0 . 9486 0 . 7 0 0 3  0 . 0948 
0 . 000 1 0 . 000 1 0 . 8756 0 . 6 3 0 3  0 . 1 6 1 2  
0 . 000 1 0 . 00 0 1  0 . 89 7 3  0 . 7 2 8 3  0 . 3 2 4 2  
0 . 1 1 3 5 0 .  3 7 4 5  0 . 0299 0 . 0 1 1 4  0 .  1 1 26 
0 . 000 1 0 . 000 1 0 .  4 5 3 7  0 . 4 8 4 9  0 . 0 3 04 
0 . 000 1 0 . 000 1 0 . 6 1 0 7 0 . 6840 0 . 0642 
0 . 00 0 1  ' 0 . 00 0 1  0 . 9 3 4 5  0 . 8 7 0 5  0 . 0826 
0 . 0002 0 . 0044 0 .  1 54 7  0 . 0 56 1 0 . 5 8 9 4  
0 . 000 1 0 . 000 1 0 . 5 1 96 0 . 5 3 1 8  0 . 00 1 9  
0 . 000 1 0 . 0024 0 . 0680 0 . 0 1 0 3 0 . 3 4 4 7  
0 . 0 1 45 0 . 1 625 0 . 0008 0 . 000 1 0 . 00 3 1  
0 . 0064 0 . 0786 0 . 0057 0 . 0002 0 . 0 3 02 
0 . 26 3 1 0 . 000 1 0 . 000 1 0 . 000 1 
0 . 26 3 1  0 . 000 1 0 . 00 0 1  0 . 000 1 
0 . 00 0 1  0 . 000 1 0 . 8 3 68 0 . 2 2 6 4  
0 . 000 1 0 . 000 1 0 . 8 3 68 0 . 0 5 2 5  
0 . 000 1 0 . 000 1 0 . 2264 0 . 0 5 2 5  
0 . 000 1 0 . 000 1 0 . 5680 0 . 3 3 4 5  0 . 4 9 79 
0 . 000 1 0 . 000 1 0 . 7682 0 . 5 7 4 8  0 . 3 958 
0 . 000 1 0 . 0002 0 . 2 1 30 0 . 0 6 7 7  0 . 8 4 8 6  
0 . 0008 0 . 0 1 55 0 . 0 3 3 3  0 . 0 0 4 2  0 . 1 7 27 
0 . 0005 0 . 009 1 0 . 0848 0 . 02 1 9  0 . 3 7 2 7  
27 28 
0 . 9 3 20 0 . 7 3 8 3  
0 . 0278 0 . 0 2 7 6  
0 . 0008 0 . 0020 
0 . 3 0 3 1 0 . 5 3 3 7  
0 . 3 3 2 7  0 . 5 4 6 5  
0 . 4 7 5 5  0 . 3 78 7  
0 . 8 5 50 0 . 8 9 6 0  
0 . 1 540 0 .  3 524 
0 . 4 1 55 0 . 6920 
0 . 4 9 52 0 . 7624 
0 . 5949 0 . 8 4 5 9  
0 . 6 8 7 6  0 . 8 7 7 6  
0 . 0 5 9 7  0 . 0 5 1 3  
0 . 1 5 7 3  0 . 2 9 4 2  
0 . 2 5 4 0  0 . 4 2 0 1  
0 .  4 1 7 5 0 . 6 6 4 5  
0 . 3 1 45 0 . 25 8 1  
0 . 1 02 5  0 . 2 9 8 3  
0 . 1 5 5 3  0 . 1 3 4 2  
0 . 00 1 5  0 . 0025 
0 . 0 1 29 0 . 0 1 4 3 
0 . 00 0 1 0 . 000 1 
0 . 000 1 0 . 000 1 
0 . 5680 0 . 7 6 8 2  
0 . 3 3 4 5  0 . 5 7 4 8  
0 . 4 9 7 9  0 . 3 9 5 8  
0 . 8064 
0 . 8064 
0 . 4 4 54 0 . 3 58 �  
0 . 0 7 6 2  0 . 0694 
0 . 1 82 7  0 . 1 5 3 7  
2 9  3 0  
0 . 4 5 9 3  0 . 0 6 8 7  
0 . 1 3 20 0 . 6 5 2 8  
0 . 0 1 3 9 0 . 294i l  
0 . 06 0 1  0 . 0 0 3 : 
0 . 0802 0 . 0066 
0 . 8 6 7 3  0 .  1 7 5 3  
0 . 264 1 0 . 0 2 2 7  
0 . 0 1 95 0 . 0007 
0 . 0786 0 . 004 1 
0 . 1 1 36 0 . 0 0 7 5  
0 .  1 68 5  0 . 0 1 5 1  
0 . 2968 0 . 05 7 6  
0 .  1 59 1  0 .  4902. 
0 . 0 3 52 0 . 0 0 3 0  
0 . 068 1 0 . 0072 
0 . 0969 0 . 00 70 
0 . 7 2 9 5  0 . 5 4 8 9  
0 . 008 1 0 . 0002 
0 . 5079 0 . 6 6 3 7  
0 . 0 1 6 5 . 0 . 2 4 3 5  
0 . 0 7 7 3  0 . 5 1 1 8 
0 . 000 1 0 . 0008 
0 . 0002 0 . 0 1 5 5 
0 . 2 1 3 0 0 . 0 3 3 3  
0 . 0 6 7 7  0 . 0042 
0 . 8486 0 . 1 7 2 7  
0 . 4 4 5 4  0 . 0 7 6 2  
0 . 3 585 0 . 0694 
0 . 2896 
0 . 2896 
0 . 5096 0 . 7 49 2  
3 1  
0 . 1 7 9 6  
0 . 4 5 9 7  
0 . 1 7 9 4  
0 . 0 1 9 5 
0 . 0 2 7 2  
0 . 3 7 9 9  
0 . 0 8 8 4  
0 . 0 0 6 3  
0 . 0248 
0 . 0 3 6 7  
0 . 0 5 7 4  
0 .  1 27 6  
0 . 3 70 8  
0 . 0 1 2 1  
0 . 0 2 4 4  
0 . 0 3 1 9  
0 . 7 8 5 5  
0 . 0028 
0 . 94 1 6  
0 . 1 5 1 5  
0 . 3 4 6 1 
0 . 0 0 0 5  
0 . 00 9 1 
0 . 0 8 4 8  
0 . 02 1 9  
0 . 3 7 2 7  
0 . 1 82 7  
0 . 1 5 3 7  
0 . 5 0 9 6  




mechanisms of resistance, this has been investigated in the past. 
Schroeder and Christensen found no anatomical dif ferences ( eg. 
differences in the number of vascular bundles) were associated with 
relative resistance to spread of the pathogen within the head. They 
concluded that · those cultivars which had little or no disease progress 
within the head were probably conditioned by some undefined physiologi­
cal factor within the rachis or rachilla. Pugh et al. (1933) found no 
evidence for infection of new spikelets directly through the rachis : 
resistance resulted from protection of the rachis from invasion by the 
pathogen. As a result, transport of water and photosynthate was 
maintained. 
Olaf is characteristically more heavily infected in the field 
than many other cultivars. In the mass inoculation experiment, Olaf 
ranked in the upper - (most susceptible) third of disease means for the 
cultivars tested. In a field or mas& inoculation situation, the spike 
is subj ect to multiple hits. There fore, if resistance to initial 
penetration is low, a high incidence of disease will result even though 
the rachis is more or less protected from infection. Analysis of mass 
and point inoculation means showed that the two were not correlated (r = 
-0. 0017). In other words, the presense of a relatively high level of 
one type of resistance is no indication that there will be a relatively 
high level of the other. 
Point inoculation data were analyzed to determine the 
res istance to spread within the head once infection had been established 
in a single spikelet. The significant interval by cultivar interaction 
(Table 6) indicated that the regression lines for disease progress 
TABLE 6 .  Analys is of variance for the dependent variab l e  
dis ease for data up t o  and including 20 days after point 
inoculat ion . Greenhous e experiment 1 .  
Source of Variat ion df Mean Square 
Interval 1 9 5 0 . 1 9 84 ** 
Cu lt ivar 3 0  3 1 . 9555 ** 
Interva l*Cult ivar 3 0  35 . 2669 ** 
·Error 1 9 04 4 . 62 9 8  
** Denotes s ignif icance a t  the 1% probab il ity l eve l . 
2 8  
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within the head (Tab l e  7 )  d i ffered among cu lt ivars . The nine entr ies in 
which diseas e  did not spread s ignif icant ly from point inocul at ions were 
Cent a , Coteau , Lew , NJ l l ,  NJ 1 7 , NJ28 , NJ29 , Rugby , and Waler a . 
Analys is o f  variance for mas s inoculat ion dat a  t aken over the 
ent ire 20 day grain f i l l ing per iod (Tab l e  8 )  showed that the dis eas e  
progres s ed at d i f fe r ent rates on different cu lt ivar s . Only f ive 
cu lt ivars showed a non - s ignificant regres s ion , tho s e  b eing Angus , James , 
Marshal l ,  NJ2 8 , and Wa l e r a  (Tab le 7). One cons iderat ion with mas s 
inocu l ated material  is that the amount o f  init ial  inf ect ion wou ld have a 
direct or inver s e  e f fect on the rate o f  spread ( eg . i f  init ial  disease 
is high , there wou l d  not be as much room to spread ) . 
Res istance to spread within the head was shown to b e  a 
re l at ive ly common type o f  res istance ; near ly one -third o f  the cu lt ivars 
tested had non - s igni f ic ant dis eas e progress when point inocu l at ed . In 
addit ion , the rat ing s ys t em us ed for point inocu l at ed mat e r i a l  was 
inherent ly more precis e .  Therefore , s e lect ing for th is type o f  
res istance would bene f it the p l ant breeder by enab l ing him t o  make more 
rap id progres s in greenhouse s e l ect ions when her it ab i l ity is high . In 
addit ion , the po int inocu lat ion method gives more r e l iab l e  infect ion , as 
the pathogen is introduced direct ly into the f loret : this e l iminates 
the need to regu l at e  the humid ity externa l ly .  
The fact that s ome adapted cu lt ivars showed res is t ance to 
secondary spread is s omewhat encouraging , and an indicat ion that the 
s e lect ion process over the years may have improved res i s t ance to s cab . 
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TABLE 7 .  Rate o f  dis eas e progres s  on wheat inoculated at anthes i s  with 
Fus arium graminearum over a period of 20  days after mas s and po int 
inocu l at ion , respect ive ly . Greenhouse experiment 1 .  
Cul t ivar 










Marsha l l + 
NJ1 1  * 
NJ12 








Profit 75  
Protor 
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SD 80 15 
Sol ar 
Waldron 
Wal era +* 
Ward 
ws 1809 
9 0 6R 
Mas s Inocul ated 
D is . Progres s 9 5% Con£ � 




















. 1 1 
; 1 3 
. 13 
. . 2 1  
. 12 
. 1 1 
. 06 
. 0 7 
. 05 
· . 1 1 
. 20 
. 20 
± . 06 
± . 09 
± . 04 
± . 05 
± . 04 
± . 06 
± . 04 
± . 04 
± . 1 6  
± . 04 
± . 0 7 
± . 0 7  
± . 05 
± . 0 7  
± . 0 7 
± . 04 
± . 06 
± . 03 
± . 0 7 
± . 0 7  
± . 0 7  
± . 08 
± . 06 
± . 06 
± . 05 
± . 05 
± . 06 
± . 08 
± . 0 7  
± . 0 7  
± . 08 
Point Inocu l ated 
Dis . Progress 9 5% Conf . 
Spiklet s /Day Limits 
. 1 1 
. 3 1 
. 36 
. 06 



























± . 09 
± . 13 
± . 08 
± . 09 
± . 10 
± . 0 7 
± . 06 
± . 0 7 
± . 06 
± . 08 
± . 09 
± . 14 
± . 6 7 
± . 14 
± . 15 
± . 09 
± . 14 
± . 05 
± . 1 1  
± . 1 1  
± . 14 
± . 13 
± . 1 1  
± . 14 
± . 09 
± . 08 
± . 1 1  
± . 14 
± . 10 
± . 1 1  
± . 14 
Cul t ivars whose names are fo l lowed a + or a * d id not have a s igni f icant 
regres s ion at the 5% l evel o f  probab i l ity for mas s and point inocul at ed 
material , respect ive ly � 
TABLE 8 .  Analys is o f  variance for the dependent variab l e  
dis ease for dat a  up t o  and inc luding 2 0  days after mas s 
inoculat ion . Greenhous e experiment 1 .  
Source o f  Variat ion df Mean Square 
Interval 1 250 . 0920 ** 
Cultivar 3 0  5 . 7045 ** 
Interval*Cultivar 30 2 . 5 9 6 6  ** 
Error 19 04 0 . 7485 
�rn Denotes s igni ficance at the 1% probab i l ity l eve l . 
3 1  
32 
However , other germp l as m  whi ch is not adapted did show a great er s cab 
res istance . Certainly NJ 1 7  and NJ28 which were developed as s cab 
res ist ant l ines in China wou ld warrant further inves t igat ion as a s ource 
of res istance to incorporate into adapt ed variet ies : pos s ib ly s ome 
others would be suit ab le as we l l .  The leve l o f  s cab infect ion in the 
northern p l ains in recent years , mos t not ab ly in 1 9 8 2 , wou ld indic at e  
that both the qua l ity and quant ity o f  the wheat harvest cou ld be 
subs tant ially improved in s ome years by upgrading the s cab r es is t ance of 
new releases . 
A greenhous e exper iment was conducted dur ing the w int er o f  
1 9 8 2 - 19 8 3  t o  t e s t  the hypothes is that the re lat ionship between visual 
s cab rat ing and yield does not differ between cu lt ivars ( exper iment GH 
2 ) . The regress ion equat ions for a l l  cu l t ivars were Y1 = 0 . 76X and 
Y2 = 0 . 56X where Y 1 , Y2 , and X are percent los s in weight 
per head , percent los s in we ight per s eed , and percent diseas e , 
respect ive ly , when regres s ed through the origin (Tab les 9 and 10 ) . The 
hypothes is o f  a common regres s ion coe f ficient among cult ivars was not 
rej ected for either yie ld component ( P> . OS ) . 
In this and mos t  other exper iment s the b - va lues for reduct ion 
in s eed s ize were general ly lower than that for reduct ion in head 
we ight . The two mos t  apparent reasons for this were f loret s t er i l ity 
and seed loss from fanning o f  s amp les . Fanning removed the s mal ler 
s e ed ,  and therefore increas ed the mean s ize o f  s eed . As  a result , the 
los s in s e ed s ize due to dis eas e was les s than the los s in yie ld 
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TABLE 9 .  S imp l e  l inear regres s ion of % loss in s eed we ight/head on % 
dis eas e  for 5 cu ltivars o f  spring wheat inj ected with a conidial 
suspens ion o f  Fus ar ium graminearum approximate ly 7 days after anthes is . 
Greenhous e experiment 2 .  
Convent ional Regres s ion Regres s ion Through Origin 
% Los s /  Interce12t % Loss /  9 5 %  Conf . 
Cult ivar % Dis .• ( a) Con£ . Lim . R2 % D is .• Limit R2 
Cot eau . 7 3 - 8 . 7  ±13 . 2  . 7 2 . 69 ± . 10 . 9 0 
Len . 60 2 0 . 1  ± 1 1 . 8  . 68 . 83 ± . 12 . 9 0 
Lew . 7 2 6 . 2  ±10 . 3  . 80 . 79 ± . 0 9 . 94 
O l af . 6 1 14 . 6  ±12 . 0  . 68 . 78 ± . 13 . 8 7 
Wal era . 69 0 . 7  ± 9 . 5 . 82 . 70 ± . 0 9 . 9 2 
1 Regres s ion coef ficient s : t test of regress ion coeffic ients through 
the or igin det ected no differences between cult ivars at the 5% 
probabil ity leve l . 
TABLE 10 . S imp l e  l inear regress ion of % loss in we ight/ s eed on % 
dis eas e for 5 cu lt ivars of spring whe�t inj ected with a conidial 
suspens ion of Fus ar ium graminearum approximate ly 7 days after anthes is . 
Greenhous e experiment 2 .  
Convent ional Regres s ion Regres s ion Through Or igin 
% Los s /  Interce12t % Los s /  9 5 %  Con f . 
Cult ivar % Dis .• ( a )  Conf . Lim . R2 % D is .• Limit R 2 
Coteau . 49 - 3 . 8  ± 8 . 7 . 7 2 . 44 ± . 0 9 . 83 
Len . 5 4 3 . 6  ± 7 . 4 . 6 1 . 58 ± . 12 . 8 1  
Lew . 5 8 8 . 1  ±16 . 7  . 82 . 68 ± . 08 . 9 2 
O laf . 6 1 14 . 6  ±12 . 0  . 68 . 5 2 ± . 0 7 . 9 2 
Walera . 5 3 3 . 4 ± 8 . 7  . 66 . 5 7  ± . 1 1  . 84 
1 Regress ion coefficients : t test of regres s ion coeffic ients through 
the origin det ected no d i f ferences between cu lt ivars at the 5% 
probabil ity leve l . 
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expres s ed on a per head bas is . Given that an equal proport ion of 
dis eas ed s eed was removed from each s ample , l inear ity should not be 
substant ia l ly affected . This was borne out by the p lot s o f  the data in 
which there was l it t l e  indicat ion o f  non - l inear regres s ion . Att empts to 
fit a polynom ia l regress ion did not increas e R 2 va lues s igni f icant ly and 
there fore were not pres ented . 
FIELD EXPE RIMENTS 
In the four p lanned f i e ld exper iment s at B rookings and 
Centervi l le ,  hi l l  p lots were inocu lated w ith a conidial suspens ion and 
covered with po lyethy lene bags which in turn were covered with paper 
s acks . Although mo isture and inoculum requirement s were met , the 
temperature in the bags was obvious ly too high , as the p lots in 
Brookings exibited s ymptoms of s corching . Although us e o f  white inst ead 
of brown paper bags at Cent ervil l e  h� lped reduce the temperature in the 
p l as t ic bags underneath , apparent ly it was s t i l l  too high for pathogen 
growth . S ince p l as t ic bags have been us ed succes s fu l ly to obtain 
infect ion with E ·  gr am inearum in other f ie ld s tudies (Hart , et a l . 
1 9 84 ) , it s eems cert ain that the inocu lat ion fai lure was due to 
unusua l ly hot weather dur ing the per iod . 
Natur a l ly in fected p lot s at B rookings did provide s ome dat a 
(Tab le 1 1 )  regarding the re lat ions between s eed s ize and d is eas e . 
However , it shou ld be noted that s amp les were not sub s amp l ed as they 
were for the natura l ly infected p lots at B rookings in 1 9 84 . Thi s  may 
have inf l ated the error t erm used to detect d i fferences in regres s ion 
TABLE 1 1 .  Regres s ion of % los s in we ight/s eed on % diseas e  for 1 3  
cult ivars o f  spring wheat . F i e l d  experiment 1 .  
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Convent iona l Regres s ion Regres s ion Through Origin 
% Los s /  InterceEt % Los s /  9 5 %  Conf . 
Cul t ivar % Dis .• ( a )  Conf . Lim . R2 % Dis .1 Limit R 2 
James . 4 1 - 1 1 . 7  ±12 . 7  . 7 6 . 27 ± . 15 . 68 
Os lo . 27 - 6 . 2  ± 9 . 0 . 74 . 19 ± . 1 1  . 70 
PR2 360  . 30 5 . 0  ± 8 . 2  . 80 . 37 ± . 12 . 90 
MPV 2 . 40 -4 . 2  ±12 . 6  . 75 . 35 ± . 14 . 95 
MPV 3 . 40 - 13 . 2  ±22 . 2  . 5 9 . 24 ± . 25 . 47 
Chr is . 5 8 - 12 . 6  ±28 . 8  . 5 2 . 39 ± . 40 . 47 
Eureka . 35 - 2 . 3  ± 1 7 . 3  . 62 . 32 ± . 15 . 79 
Len . 36 - 0 . 6  ± 5 . 3 . 9 3 . 35 ± . 06 . 9 7 
Lew . 27 1 . 4  ± 1 6 . 4  . 5 0 . 28 ± . 15 . 73 
O l af . 4 1 - 2 . 3  ±10 . 4  . 82 . 38 ± . 10 . 9 1 
Marsha l l  . 44 - 2 . 6  ± 7 . 3 . 9 2 . 4 1 ± . 08 . 95 
Wheaton . 49 0 . 4  ±20 . 7  . 65 . 5 0 ± . 25 . 79 
9 0 6R . 33 -4 . 3  ± 6 . 5 . 89 . 28 ± . 0 7 . 92 
1 Regress ion coef ficient s : t test of regres s ion coe f f icients through 
the origin revealed no s ignificant diJferences between cu l t ivars with 
approximate ly the s ame heading date at the 5% probab i l ity l eve l . 
coefficient s and resu lted in non - s ignif igance in the analys is (Tab le 
1 1 ) . 
Another factor a ffect ing results was t ime of  s amp l ing . 
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Judging by the we ight of s ome of the check s amp les for �u lt ivars , it 
would app ear that s amp l es of later matur ing cu lt ivars were t aken be fore 
phys io log ical matur ity was reached (Tab le 1 1 ) . However , comparisons 
were made among those cu l t ivars w ith the s ame f lowering date . The 
except ions were those cas es where the d i f ference was no more than a day . 
Three o f  the cul t ivars had no other cu lt ivar w ith the s ame r e l at ive 
heading dat e . In Tab le 1 1 ,  the re l at ive heading date o f  PR2360 was 2 
days after Butte , and those of  Marsha l l  and Wheaton were 6 and 7 days 
a fter Butte , respect ively . Therefore , PR2360 was grouped with and 
compared to those cu lt ivars whos e  re lat ive heading date was 1 ,  and the 
latter two cu l t ivars were compared with each other . No d i f ferences were 
found in the s lopes of th� l ines for cult ivars with the s ame approximate 
heading date (Tab l e  1 1 ) . Once again , statist ical  comparisons between 
groups o f  cu l t ivar s  w ith more than a day difference in r e l at ive matur ity 
were not attempt ed . As a resul t ,  any reduct ion in the weight o f  
undis eas ed grain s amp les  due t o  pre - empt ing phys io logic a l  matur ity wou ld 
have to have been s im i l ar within a group and relat ive d i f ferences in 
loss regres s ions were virtua l ly unaf fected with in a group . 
One trend not ed in compar ing the average regres s ion coe f f i ­
c ient for cu lt ivar groups was that those groups of  cu lt ivars which were 
at an ear l ier stage of deve lopment at the t ime of infect ion had great er 
los s es from s cab than those which were at a later st age o f  development . 
3 7  
This idea is supported by other data i n  this paper and wi l l  be deve loped 
after the data p res entat ion . 
During the 1 9 84 season , natural ly infected p lots o f  hard red 
wint er wheat were marked with paint , al lowed to mature ; and harvested . 
Subs amp l es were t aken for each leve l of dis ease within each cult ivar to 
provide the error term us ed to compare the s lopes of yie ld los s 
regres s ions . 
In Tab l es 12  and 1 3 , it can be s een that the s lopes of the 
l ines for cult ivars differed as fol lows : Ros e differed s igni f icant ly 
from Scout , but not from Winoka. Rose p lots did not d i f fer from each 
other . Neither did the s lope for Winoka d i f fer from Ros e o r  S cout. 
Results were s imi lar for both yie ld components.  
Three of the 21  spring whe at cul t ivars p lanted at B rookings 
and art i f icial ly inoculated with a conidial suspens ion and grain 
inocu lum became infected . Infect ion occurred approximate ly one week 
after f lowering , with some o f  the medium late cu lt ivars . Apparent ly , 
the others es cap ed infect ion . Al�hough the analys is showed no 
dif ferences between cult ivars (Tab les 14 and 15) , once again , the 
regress ion l ines for Eureka are probab ly not a true repres entat ion of 
yie ld los s es : it was obs erved in the data p lots that po ints for upper 
dis ease leve ls were far below the regres s ion · line p lotted. When 
compared to the other two variet ies , Eureka had re lat ive ly few heads in 
the upper leve ls of dis eas e intens ity. When combined with larger los s es 
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TABLE 1 2 . S imp l e  l inear regres s ion o f  % los s in mean we ight/ head on % 
dis eas e for 3 cu lt ivars of winter wheat natural ly infected with Fus arium 
gram inearum . Field experiment 2 .  
Convent ional Regress ion Regres s ion Through Or igin 
% Los s /  I nte rceEt % Loss /  95% Con£ . 
Cult ivar % D is . 1 ( a )  Con£ . Lim . R2 % D is .1 Limit R 2 
Ros e  . 5 2 9 . 9 ± 7 . 5 . 82 . 64 A ± . 1 0  . 9 2 
Ros e . 5 6 14 . 0  ± 6 . 1  . 7 7 . 74 A ± . 08 . 9 0 
Winoka . 42 27 . 1  ± 7 . 4 . 65 . 7 9 AB ± . 1 4 . 7 8 
Scout 6 6  . 74 15 . 8  ± 13 . 1  . 84 . 9 7 BC ± . 3 1 . 9 1  
1 Regres s ion coe f f icients : t test o f  regres s ion coefficients through 
the origin fo l lowed by the same l etter did not differ from each other at 
the 5% probab i l ity leve l . 
TABLE 1 3 . S imp l e  l inear regre s s ion of % los s in mean weight / s eed on % 
diseas e  for 3 cul t ivars of winter wheat natura l ly infected with Fus ar ium 
graminearum . F i e ld exper iment 2 .  
Convent ional Regress ion Regres s ion Through Or igin 
% Loss /.  InterceEt % Los s /  9 5 %  Con£ . · 
Cu ltivar % D is .• ( a )  Con£ . Lim . R2 % D is .• Limit R2 
Ros e  . 49 3 . 3  ± 3 . 6  . 9 2 . 5 3 A ± . 05 . 9 6 
Rose . 5 0 5 . 2 ± 3 . 6  . 9 2 . 5 7 A ± . 04 . 9 7 
Winoka . 42 16 . 1  ± 5 . 1  . 75 . 64 AB ± . 1 0  . 85 
Scout 6 6  . 60 12 . 9  ±10 . 5  . 88 . . 7 9  BC ± . 20 . 9 2 
1 Regress ion coef f ic ients : t test o f  regress ion coefficients through 
the or igin fo l lowed by the s ame letter did not differ from each other at 
the 5% probab i l ity leve l . 
TABLE 14 . S imp l e  l inear regres s ion of % los s in mean weight /head on % 
dis eas e for 3 cult ivars o f  spring wheat sprayed with a con idial 
suspens ion of Fus arium graminearum 7 days after anthes is . F ield 
experiment 3 .  
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Convent ional Regres s ion Regres s ion Through Origin 
% Loss /  InterceEt % Los s / ' 9 5 %  Conf . 
Cul t ivar % D is .1  ( a) Conf . Lim . R 2 % D is .1 Limit R 2 
Alex . 69 14 . 6  ± 8 . 8  . 65 . 88 ± . 14 . 8 1 
A99AR . 68 5 . 7  ±1 1 . 3  . 5 1  . 75 ± . 16 . 7 0 
Eureka . 85 10 . 8  ± 8 . 2  . 54 1 . 07 ± .  30- . 67 
1 Regres s ion coef f icients : t test o f  regres s ion coeffic ients through 
the origin detected no differences between cult ivars at the 5% 
probab i l ity leve l . 
TABLE 15 . S impl e  l inear regres s ion of % los s in mean weight/ seed on % 
dis ease for 3 cult ivars o f  spring wheat sprayed with a conidial 
suspens ion of Fusarium graminearum 7 days after anthes i s . Field 
experiment 3 .  
Convent ional Regres s ion Regres s ion Through Origin 
% Loss /  InterceEt % Los s /  9 5 %  Conf . 
Cultivar % Dis .• ( a )  Conf . Lim . R 2 % Dis . •  Limit R 2 
Alex . 60 8 . 8  ± 7 . 3 . 6 7 . 7 2 ± . 1 1  . 83 
A9 9AR . 5 7 3 . 9 ± 7 . 7 -. 6 2  . 62 ± . 1 1  . 7 7 
Eureka . 83 7 . 6  ±10 . 3  . 58 . 9 8 ± . 25 . 7 0 
1 Regress ion coef f icients : t tes t  of regres s ion coefficients through 
the origin detected no differences between cu ltivars at the 5% 
probab i l ity leve l . 
than would be expected at lower leve l s  o f  dis eas e  intens ity , the 
result ing regres s ion coefficient was higher than would be expected . 
40 
Lat er inocul at ions were made at approximate ly 15 days after 
f lowering us ing the po int inoculat ion meth�d . Here , data (Tab l es 16  and 
1 7 )  were fai r ly we l l  balanced , and the leve l o f  infection was better 
control led . Litt le error occurred in dis eas e leve l reading , compared 
with reading and marking natural ly infect ed mat er ial . There are two 
reasons for this : first of al l ,  the leve ls of infect ion obt ained f rom 
point inocul at ion more clos e ly approximate those of the dis eas e scale 
(Fig . 1 ) . S econd ly , the eye may be deceived in making visual s cab 
rat ings of natura l ly infect ed material :  other dis eas es p lus general 
senes cence may dis co lo r  the g lumes so that the spike let appears to be 
scabby . Again , the regres s ion coe fficients for yield loss on diseas e 
rat ing did not differ s ignificant ly between cult ivars . 
One f inal data s et from a cu lt ivar by fungic ide factorial 
experiment at Redfie ld (Tables 1 8  and 19 ) provided s im i l ar results where 
the fungicide was the s ame . This was in spite of the fact that s�ed 
s ize was reduced dramat ical ly in those cas es where the fungic ide 
treatment was not as effect ive in ho lding tanspot in check . The 
experiment as a who le had four fungic ide treatments and four cu lt ivars 
of spr ing wheat . Cult ivars Guard and Os lo had a substant ial s cab 
infect ion , except in thos e p lots treated with an exper imenta l  fungicide , 
RH3866 . This obs ervat ion would suggest fungicida l act ion o f  that 
compound against Fus ar ium graminearum . 
TABLE 1 6 . S imp l e  l inear regress ion of % loss in mean weight/head on % 
diseas e for 3 cul t ivars o f  spring wheat inj ected with a conidial 
suspens ion o f  Fus ar ium graminearum 15 days after anthes is . Field 
exper iment 4 .  
4 1  
Convent ional Regres s ion Regress ion Through Origin 
% Los s /  InterceEt % Los s /  9 5% Con£ . 
Cultivar % Dis .' ( a) Con£ . Lim . R2 % Dis .• Lim it R 2 
A lex . 24 1 . 8  ±5 . 8  . 49 . 26 ± . 09 . 70 
A99AR . 19 1 . 5  ±8 . 6  . 47 . 2 1 ± . 10 . 3 7 
Eureka . 25 7 . 8  ±9 . 0  . 37 . 33 ± . 1 0  . 69 
1 Regress ion coef ficient s : t test of regress ion coe ffic ients through 
the origin detected no differences between cult ivars at the 5% 
probab i l ity l eve l . 
TABLE 1 7 . S imp le l inear regress ion of % los s in mean weight/ s eed on % 
dis eas e for 3 cult ivars o f  spring wheat inj ect ed with a conidial 
suspens ion o f  Fus arium graminearum 15 days after anthes is . F i e ld 
exper iment 4 .  
Convent ional Regres s ion Regres s ion Through Origin 
% Los s /  Int erceEt % Los s / 9 5% Conf . 
Cu ltivar % Dis . •  ( a) Conf . Lim . R2 % Dis . •  Limit R 2 
A l ex . 29 - 2 . 7  ±2 . 9  . 86 . 26 ± . 04 . 9 0 
A99AR . 36 - 8 . 4  ±8 . 1  . 48 . 25 ± . 10 . 45 
Eureka . 2 1 1 . 9  ±7 . 9  . 35 . 23 ± . 08 . 60 
1 Regress ion coe ffic ients :  t tes t  of regress ion coe ff icients through 
the origin det ected no differences between cult ivars at the 5% 
probability leve l . 
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TABLE 18 . S imp l e  l inear regres s ion of % loss in mean weight/head on % 
dis eas e for 2 cult ivars o f  spring wheat natura l ly infected w ith Fus arium 
graminearum and having 3 fungicide treatments . Fie ld experiment 5 .  
Convent ional Regres s ion Regres-s ion Through Origin 
% Los s /  InterceEt % Los s /  9 5 %  Conf . 
Cu lt ivar Funs . % Dis . •  ( a) Conf . Lim . R2 % Dis . •  L im it R 2 
Guard Check . 14 3 . 8  ± 9 . 9  . 28 . 19 ± . 20 . 44 
Os lo Check . 34 9 . 4  ±19 . 0  . 63 . 45 ± . 20 . 83 
Guard M45 . 39 1 1 . 2  ± 18 . 7  . 5 3 . 5 7 ± . 4 1 . 7 0 
Os lo M45 . 35 4 . 1 ± 1 1 . 9  . 62 . 40 ± . 16 . 7 8 
Guard Ti lt . 34 8 . 1 ±10 . 5  . 6 1 . 54 ± .  3 1  . 69 
Os lo T i lt . 49 0 . 7  ± 8 . 9  . 8 1 . 49 ± . 13 . 88 
1 Regress ion coe fficients : t test of regres s ion coe fficients through 
the origin detect ed no differences between cul t ivars at the 5% 
probab i l ity leve l .  
TABLE . 19 . S imp l e  l inear regress ion of % los s in mean weight / s eed on % 
dis eas e for 2 cu lt ivars o f  spring wheat natura l ly infected with Fus ar ium 
graminearum and having 3 fungicide treatments . Field experiment 5 .  
Convent ional Regres s ion Regres s ion Through Origin 
% Los s /  Int erce:2t % Los s /  9 5 %  Conf . 
Cul tivar Fung . % D is . 1 ( a) Conf . Lim . R2 % D is . • Lim it R 2 
Guard Check . 08 3 . 2  ± 6 . 9  . 20 . 12 ± . 85 . 02 
Os lo Check . .  3 3  1 . 3  ± 16 . 3  . 68 . 34 ± . 15 . 83 
Guard M45 . 24 5 . 8  ±10 . 0  . 6 1 . 34 ± . 22 . 75 
Os lo M45 . 4 1 - 1 . 8 ± 5 . 1  . 9 2 . 38 ± . 0 7 . 95 
Guard Tilt . 10 8 . 1  ±14 . 3  . 08 . 22 ± . 29 . 30 
Os lo Tilt . 42 - 0 . 4  ± 7 . 1  . 83 . 4 1 ± . 10 . 89 
1 Regres s ion coefficients : t test of regres s ion coef f ic ients through 
the origin det ected no differences between cu 1tivars at the 5 %  
probabil ity leve l . 
It  was obs erved overal l  in the res earch that the regr e s s ion 
coe fficients corresponded to the the proport ion of grain f i l l  t ime 
remain ing . In other words , yie ld loss per rinit of dise as e  was greater 
from ear ly infect ion than from l at e  infection . This was p art i cu l ar ly 
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t rue where the d i s ease int ens ity and t ime of infect ion were carefu l ly 
contro l l ed , us ing the po int inocul at ion method . I n  Tab l e  9 ,  c o l umn 5 ,  
the average o f  the r egres s ion coeffic ients was 0 . 7 6% l o s s / %  d i s e as e . 
Theoret ical ly a 1 percent l o s s  wou ld occur for each percent dis eas e i f  
infect ion occurred a t  anthes is . S ince inocul ation occurred 7 d ays a fter 
anthes is , 13  days remained for grain f i l l ing in this c as e , as s um ing that 
grain f i l l  ceas es 20 days a fter anthes is . Calcu lat ing the percent o f  
gra in f i l l  remaining , 1 3 / 2 0=0 . 65 .  S im i l ar ly ,  in Tab l e  1 6 , co lumn 5 ,  the 
average of the regres s ion coe f f icients was approximate ly 0 . 2 7 . S ince 
inocu l at ion occurred 1 5  days a ft er anthes is , 5 days remained for grain 
fi l l ing ; calcu l at ing percent o f  grain f i l l  remaining 5 / 2 0= 0 . 25 .  As can 
be seen in the above two examp les , reasonab ly c los e correspondence was 
obt ained between the theore t ical  and actual loss coe f f ic ient s , w ith a 
d i f ference of approx imat e ly 0 . 1 1 and 0 . 02 respect ive ly . The s e  and other 
dat a  which are summarized in Tab le 20 suggest that reasonab l e  e s t imates 
of dis eas e los s es can be calcu l ated bas ed upon the t ime r emaining for 
the comp let ion of grain f i l l ing . 
For examp l e ,  suppos e  that a wheat field headed on June 2 0  and 
subs equent ly f lowered 5 days l at er on June 25 . A period o f  cont inuou s 
wetnes s (dew period) began ear ly on the afternoon of June 2 6 , cont inued 
TABLE 20 . Comparison o f  average regress ion coef fic ients w ith 
their theoret ical loss coef ficients , l isted by t ab l e  number . 
Conv Reg Theoretical Reg Through Orig 
% Los s /  % Los s /  % Los s /  
Tab le no . % Dis . % Dis . % Dis . 
9 . 67 . 65 . 7 6 
1 0  . 55 . 65 . 5 6 
14 1 . 69 . 65 . 82 
15 1 . 5 9 . 65 . 6 7 
1 6  . 23 . 25 . 2 7 
1 7  . 29 . 25 . 25 
1Tab les 8 and 9 did not include regres s ion coe f ficients for Eureka 




a l l  the next day and ended by mid - afternoon on July 8 ,  p roviding 
approximat e ly two days of condit ions favorab le for infect ion : other 
days which fol lowed f lower ing had a re lat ively short dew p e r iod and were 
therefore unfavorab l e  for in fect ion . Dis eas e readings were t aken on 
Ju ly 5 and 1 2 ; with 25 and 35% of spike l ets infected , respect ive ly . 
Assuming l inear disease  progress between the two read ing dat es , the 
c a l cu l ation of dis eas e l o s s  is as fo l lows : 
( 1 7 / 2 0 )  * 25% = 2 1 . 25% loss 
( 1 3 . 5 / 2 0 ) * ( 35%- 25% ) = 6 . 7 5% los s 
Tot a l  loss  = 2 8 . 00% of grain weight . 
When the resu l t s  o f  'the var ious comb inat ions o f  y i e ld l o s s  
parameters and regres ions w e r e  compared to the theoret i c a l  los s es , i t  
w a s  found that we ight/head data w i t h  standard regress ion deviat ed l east 
from the theoret ical  loss (±0 . 0 3 % loss , overa l l ) . S eed s ize dat a 
regres s ed through the or igin als o deviat ed very l itt l e  from the 
theoret ica l loss (±0 . 04 % l os s , overal l ) . 
The results  o f  this study indicate that s eed growth ceas es 
soon after the int roduct ion of the pathogen direct ly into t he f l oret . 
This was especia l ly t rue in thos e s tudies where the l ev e l o f  d i s eas e 
int ens ity and t ime o f  infect ion was c los e ly contro l led us ing the point 
inocu lat ion method . The re l at ionsh ip between diseas e  and los s wou ld 
then be : 




is the numbe r  o f  days from f lower ing to phys io logica l 
maturity ( 2 0  days ) ,  and B is the regress ion coe f fic ient for % l os s /% 
diseas e . 
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Regres s ion coe f f ic ients calcu l at ed above shou ld be cons idered 
cons ervat ive becaus e the fan speed us ed in process ing the gr ain s amp l es 
were reduced in o rder to e l iminate the leas t  s cabby s eed pos s ib l e . I n  a 
fie ld s ituat ion , espe c i a l ly where the combine operator is aware o f  a 
heavi ly s cabbed wheat c rop , fan speed wou ld b e  de l iberately inc r e as ed in 
order to r id the grain of as many dis eased kerne ls  as pos s ib l e . The 
e ffect of this combine fan s et t ing wou ld be especia l ly apparent i f  the 
crop was infect ed at an ear ly s t age of deve lopment . 
When the two methods o f  inocul at ion were compared , it was 
c l ear that the inj ect ion of individual spike lets was superior to mas s 
inocu lat ion for the fo l low ing reasons . First of  a l l , infect ion t akes 
p l ace in thos e sp ike lets which are inj ected with a conidial suspens ion 
in a very re l iab l e  manner . The reason for this is that inocu lum i s  
p l aced in an environment which is cont inuous ly w e t  f o r  a pro l onged 
per iod , the pr imary condit ion for infect ion . Second ly , inocu lum i s  
p l aced in a dis crete number o f  spike lets , which resu lts i n  a b a l anced 
dat a s et o f  un i form ly infected materia l .  Las t  o f  a l l , the t e chnique has 
been tr ied in the f i e l d  as we l l  as the greenhous e ,  with equa l ly good 
resu lts in either type of environment . The d i s advantage of point 
inocul at ion is that it is a more ' art ificial ' t echnique : mas s 
inocu lat ion more c los e ly approximat es what occurs dur ing natur a l  f i e l d  
infect ion . 
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The primary problems with mass inoculation are : 1) providing 
the right environment for infection, particularly outdoors, and 2 )  
accurately reading the percentage of spikelets infected, especially late 
in the season. As can be seen above, the point inoculation method 
solves both of the problems. 
Some potential problems exist in practically implementing loss 
assessment in the field. If it is assumed that % loss = % spikelets 
infected * % time remaining for grain fill , it is first neccessary to 
estimate the date of infection and the corresponding stage of grain 
development (ie. % time remaining to complete grain filling). These 
two factors can be determined as follows. The date of infection will 
correspond to a period of at least 24 , and probably 4 8 - 60 hours or more 
dew period. Substantial losses generally do not occur without at least 
48 hour dew period.- Since this is a relatively rare phenomenon in drier 
wheat producing areas (such as South - Dakota) during the time frame 
corresponding to flowering and after flowering stages , maj or infection 
peripds are usually a one time event during a given season. 
Determination of heading dates, or more specifically , 
flowering dates , could be accomplished by surveying a preplanned set of 
cooperator ' s  fields , demonstration plots , O! field experments. Plants 
could be marked with paint so that a specific color corresponded with a 
specific preplanned calendar date. This is a method in common use by 
wheat breeders which facillitates accurate heading date records in spite 
of a large territory which must be covered in a relatively short time. 
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S ince dis eas e  progress var ies with meteoro logical condit ions 
and genet ics of the hos t  cu l t ivar , this provides a more d i f f i cu lt 
prob l em to overcome . With the s e  two variab les int eract ing , p robab ly the 
best method would be to t ake a s econd surv�y on the s ame s et of fie lds , 
demonst rat ion . p lots or f i e l d  experiments .  The s econd best means to make 
a l l owance for dis ease progres s would be to devise an equat ion which 
ut i l ized the dis eas e progress  coe fficients given in Tab l e  7 .  However ,  
the use o f  these  coe f f ic ients in equat ions wou ld require knowing the 
cul t ivar in each f i e l d  and comp l icate rather than s imp l i fy matters . 
Surveys shou ld be made approximat e ly 7 - 9 and 1 4 - 1 6  days after 
a maj or infect ion per iod . This s chedu le a l lows in it ial  dis e a s e  to be 
eva luated before appreciab l e  dis eas e progress has occurred , and a l s o  
gives an est imate o f  the amount o f  disease progres s that occurred aft er 
the epidemic had near ly run its cours e .  Two readings neces s ar i ly 
assumes l inear ity o f  dis eas e  progress ,  which is not l ike ly t o  be the 
cas e . However ,  the l ack o f  a s econd reading wou ld caus e dis eas e l o s s  to 
be underes t imated s t i l l further than a l ready occurs with a cons ervat ive 
dis eas e loss coe f f i c ient . 
CONCLUSIONS 
In general , diseas e  los ses from s cab were s im i l ar between 
cu lt ivars . Thes e  s im i l ar it ies were dependent upon the s t age o f  
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deve lopment at the t ime of infect ion and the l eve l of dis eas e int ens ity . 
The re lat ionship between inocu l at ion date and percent d is eas e los s was 
e s s ent ial ly l inear . The reason for this was that transport o f  
photosynthate to the s ink was a ls o  essent i � l ly l inear : the int roduct ion 
o f  the pathogen into the spike let quick ly resulted in the interrupt ion 
o f  th is transport , with the vis ib l e  death of the spike l et o c curr ing 
about a week later . 
Both res istance to init ial  penet rat ion by the pathogen and 
res istance to spread within the head from an init ial ly infected s p ike l et 
differed between cu lt ivars . Few o f  the cult ivars and breeding l ines 
t ested showed evidence of both kinds of res istance . However , both kinds 
o f  res istance are needed in combinat ion in order to e f fect ive ly r es ist 
the pathogen in the f i e l d . I t  remains for the p l ant breede r , therefore , 
to combine thes e two trait s  in an agronomica l ly accept ab l e  cul t ivar . 
This res earch put s a too l into the hand o f  the breeder for a s s e s s ing 
yield los s es from s cab , as we l l  as ident i fying some pos s ib l e  s ources o f  
d is eas e res istance . 
I n  addit ion , the p l ant patho l ogist is now enab l ed to as sess  
yield  los s es within his survey area , as  we l l  as  evaluate the degree o f  
contro l provided b y  fungic ides and cu ltural. p ract ices . 
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